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MEDICAL 
PHOTOGRAPHY 


The Data Sheets listed below are selected from the Kodak Data Book of 
Applied Photography. This is a four-volume loose-leaf reference manual 
providing information on photography and allied techniques in industry, 
medicine, science and education. The Data Book 1s regularly extended and 
kept constantly up-to-date by half-yearly distribution of new and revised 
Data Sheets. Initial payment of 24 guineas secures the supply of the 
currently complete Data Book, and one year’s. free supply of additional Data 
Sheets ; an annual subscription of 10/6 maintains this renewal service. 


Glossary of Common Photographic Terms RF-5 
General Classification of ‘Kodak’ Sensitized Maierials SE-2 
General Information on ‘Kodak’ Negative Materials SE-1 
Exposure Indices and Exposure Meter Settings RF-1 
Table of Recommended ‘Kodak’ Safelights for Darkroom 
Illumination RE-2 

Depth of Field Chart RF-3 
Scales for Determining Copying Factors RF-4 
Flashbulb Guide Numbers RE-8 
Copying Photographs and other Illustrations GN-1 
Copying Radiographs and other Transparencies GN-2 
Making Simple Titles and Diagrams for Films and Film-Strips | GN-3 
Making Lantern Slides and Film-strips GN-4 
Making Monochrome Negatives from 35 mm ‘Kodachrome’ 

Transparencies GN-6 
The Cementing of Colour or Monochrome Transparencies to 

Glass GN-8 


Developing ‘Kodak’ Plates and Films PR-1 


Graininess and Granularity 

Fine-grain Development 

Chemical Aids to Rapid Drying 

Stains on Negatives and Prints 

Processing Principles and Techniques 

The ‘Cine-Kodak’ Special II Camera 

‘Kodak’ Combination Lens Attachment System 
The ‘Kodak’ Specialist Camera Model 2 
Kodak ‘Wratten’ Filters: Selection and Factors 


Kodak ‘Wratten’ Filter Sets for Scientific 
and Industrial Purposes 


Kodak ‘Wratten’ Set 25, 47B, 58 Colour Separation 


Kodak ‘Wratten’ Filters Nos. 8 (K2), 9 (K3), 11 (X1), 
15 (G), 25 


Kodak ‘Wratten’ Ultra-Violet Filters Nos. 2B, 18A, 18B 
Kodak ‘Wratten’ Infra-Red Filters Nos. 87, 88A 
Infra-Red Photography in Medicine 

Photographing Pathological Specimens 

The Recording of Cathode-Ray-Tube Traces 
Ultra-Violet Photography 

Ultra-Violet Photomicrography 

Photomicrography with a Hand Camera 
Photomicrography in Colour 

Infra-red Photography 

Autoradiography 

Colour Separation Negatives for Colour Print Processes 
‘Kodak’ Dye Transfer Process 

Filters for ‘Ektachrome’ and ‘Kodachrome’ Films 

The Storage of Colour Films 

Colour Temperature 

Exposure in Colour Photography 

Problems in Colour Photography 

Colour Photography by Artificial Light 

Colour Photography and the Human Eye 

Making Technical Sub-standard Motion Pictures 

The Handling and Repair of Sub-standard Silent Cine Film 
16 mm Cine-micrography 

Photographic Copying of Documents 

Stabilization Processing Technique 


PR-2 
PR-3 
PR-11 
PR-12 
PR-13 
EQ-1 
EQ-3 
EQ-7 
FT-1 


FT-3 
FT-6 


FT-8 
FT-9 


MD-2 
MD-3 
IN-18 
SC-3 
SC-4 
SC-5 
SC-6 
SC-7 
SC-10 
CL-1 
CL-2 
CL-3 
CL-4 
CL-5 
CL-6 
CL-7 
CL-8 
CL-9 
CN-1 
CN-3 
CN-4 
DC-1 
DC-2 


Projection for Teaching Purposes 

Materials for Electron Micrography 

Kodak ‘Ektachrome’ Sheet Film, Daylight Type and Type B 
‘Kodachrome’ Film Daylight Type and Type A 
‘Kodaline’ Sheet Films, Standard, Ortho and Panchromatic 
‘Kodak’ Process Sheet Film 

Kodak ‘Ortho-X’ Sheet Film 

Kodak ‘Plus-X’ Sheet Film 

Kodak ‘Super-XX’ Sheet Film 

Kodak ‘Panchro-Royal’ Sheet Film 

‘Kodak’ Commercial Fine-Grain Sheet Film 

Kodak ‘Panatomic-X’ Miniature Film 

Kodak ‘Plus-X’ Miniature Film 

Kodak ‘Tri-X’ Miniature Film 

‘Kodak’ B.20 Process Plate 

B.40 ‘Kodak’ Fine-Grain Regular Plate 
‘Kodak’ 0.250 Rapid Orthochromatic Metallographic Plate 
‘Kodak’ 0.800 Super Speed Orthochromatic Plate 
P.25 ‘Kodak’ Half-Tone Panchromatic Plate 
‘Kodak’ P.200 Half-Tone Rapid Panchromatic Plate 
‘Kodak’ P.300 Rapid Panchromatic Plate 

‘Kodak’ P.1600 ‘Panchro-Royal’ Plate 

‘Kodak’ P.2000 Press Special Plate 

‘Kodak’ Lantern Plates 

‘Kodak’ IR.ER. Infra-Red Extra-Rapid Plate 
‘Kodak’ Photographic Papers 

‘Kodak’ Bromide Papers 

Index to Formulary and General Information 
Developer Formulae 

Reversal Processing Procedure and Formulae 

Stop, Hardening and Fixing Bath Formulae 
Reducer, Intensifier and Bleach Formulae 

Cleaner and Stain Remover Formulae 


ED-1 
SE-5 
FM-1 
FM-2 
FM-31 
FM-33 
FM-35 
FM-36 
FM-37 
FM-38 
FM-39 
FM-51 
FM-52 
FM-53 
PL-3 
PL-4 
PL-11 
PL-12 
PL-16 
PL-17 
PL-18 
PL-20 
PL-21 
PL-27 
PL-30 
PP-1 
PP-9 
FY-1 
FY-2 
FY-3 
FY-4 
FY-5 
FY-7 


Product names quoted thus— 


‘KODAK’ 


—are trade marks 


KODAK LIMITED LONDON 


TP7073WP11256 


‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





REFERENCE 





RF-| Exposure-Meter Settings 

RF-2 Tables of Recommended Safelighting for Darkroom Illumination 
RF-3 Optical Formulae and Depth-of-Field Table 

RF-4 Scales for Determining Copying Factors 

RF-5 Glossary of Common Photographic Terms 

RF-6 The Storage of Photographic Materials and Photographic Records 
RF-7_ Lens Apertures and Exposure Ratios 

RF-8 Flash Photography 


RF-9 The Prevention and Removal of Mould Growth on Photographic 
Materials 


RF-10 The Dimensional Stability of Photographic Films and Plates 
RF-I1 Stains Appearing on Stored Negatives and Prints 


Associated Data Sheets contained in other sections 


FT-| Kodak ‘Wratten’ Filters: Selection and Factors 

SE-| General Information on ‘Kodak’ Negative Materials 
SE-2 General Classification of ‘Kodak’ Sensitized Materials 
SE-6 ‘Kodak’ Photographic Materials for Technical Use 


TPDB-35/xWP84/1 1-66 


SPRING 1969 SUPPLEMENT OF 
NEW AND REVISED DATA SHEETS 


for the ‘Kodak’ Data Book of Applied Photography 


This sheet lists the new, revised and discontinued Data Sheets, and 
outlines the extent of revision and the principal new features of the revised 
sheets. Also included, are certain revised Contents Sheets. 

Insert each new or revised item in order of its section or code. 
Discard discontinued Data Sheets and those replaced by revised editions. 

The “‘issue letter”, showing the edition of each Data Sheet, is now 
being given on each Contents Sheet. Please ensure that the contents of 
each section accord with its Contents Sheet—this will prevent the volumes 
from becoming over-full. If you do not possess the latest edition of a 
sheet, please request the latest edition from the address at the end of 
this sheet. 


IN VOLUME | 


RF Contents Sheet 

RF-I Discontinued 
Please discard this sheet. The information in this sheet has 
been transferred to Data Sheet SE-1. 

GN Contents Sheet 

GN-II Negative Quality 


Revised ~~ Revised to incorporate the latest thinking on the subject. 


GN-I2 Underwater Photography 
Revised = Revised to include new information on the use of exposure 


Issue C 2 e 5 
meters. Prime recommendations for flash guide numbers are 
now metric. Revised bibliography. 


AV Contents Sheet 
AV-4 Making Monochrome Slides for Projection 
New, Previously GN-4. Completely revised with new materials 


listed. Because of the change of section, the issue reference 
reverts to “‘Issue A’. 

FT Contents Sheet 

FT-10 Discontinued 
Please discard this sheet. Enquiries for Non-Photographic 
Filters should be made to the relevant Sales Division, Kodak 


Limited, Kingsway, London, W.C.2, or overseas, to the local 
Kodak House or distributor. 


XR 
XR-4 


Revised 
Issue D 


XR-5 
Revised 
Issue A 


XR-6 


Revised 
Issue D 


IN-5 


Revised 
Issue F 


IN-16 


Revised 
Issue D 


SC 
SC-4 


Revised 
Issue A 


SC-7 


Revised 
Issue C 


DC 
DC-I 


Revised 
Issue G 


CL 
CL-2 


Revised 
Issue C 


CL-5 


Revised 
Issue D 


PR 
PR-9 


Revised 
Issue D 


IN VOLUME 2 


Contents Sheet 
Lead Intensifying Screens 


Minor revision, including information on the availability of 
screens brought up to date. 


The Storage of X-ray Films and Radiographs. 
Minor revision, including information on bases brought up to 
date. 


Processing X-ray Films 

Extensive revision. 

Contents Sheet 

Photography in the Drawing Office 

General revision. 

Gamma-Radiography 

Revised to include new information on sources and many new 
exposure curves. New bibliography. 

Contents Sheet 


Ultra-Violet Photomicrography 
General revision. 
Infra-Red Photography 


Up-dated product information and inclusion of ‘Wratten’ 
87C filter. Revised bibliography. 


Contents Sheet 
Photographic Copying of Documents 
Extensive revision. 


IN VOLUME 3 


Contents Sheet 

‘Kodak’ Dye Transfer Process 

Revised conditioning time and bibliography. 
Colour Temperature 


Revised table of mired-shift values, bibliography, and list of 
colour-temperature meters. 


Contents Sheet 
Silver Recovery and Fixer Regeneration 
General revision. 


IN VOLUME 4 
SE Contents Sheet 
SE-I General Information on ‘Kodak’ Negative Materials 
Revised Extensive revision. Now incorporates Data Sheet RF-1. 


SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 


Revised ~~ General revision, including new materials. 


PL Contents Sheet 

PL-2 B.10 ‘Kodak’ High-Contrast Rapid-Processing Plate 
Revised Extensive revision. New development data included. 
PP Contents Sheet 

PP-6 ‘Kodalith’ Translucent Paper, TP 


Revised = Extensive revision. 


Issue D 
PP-12 KODAK ‘Ektacolor’ Papers 


Revised = New exposure factors for CP C-2 filters are included. Change 
in the ‘‘Single-exposure Method”. 


IN VOLUME 5 
FM Contents Sheet 
FM-3A = Kobak ‘Ektacolor’ Print Film 
Revised New exposure factors for CP C-2 filters. Information on 
viewing conditions. 
FM-39 Discontinued 
Please discard this sheet. 


ERRATA 


An unfortunate error has occurred in the current issue of Data 
Sheet FM-1C on page 3 line 7. ‘“‘ ‘Wratten’ 2A filter” should read, 
“ ‘Wratten’ 82A filter’’. 

Likewise in Data Sheet FM-1D on page 4 under “Daylight expo- 
sures”’ line 7, ‘‘ ‘Wratten’ 2A filter” should read ‘‘ ‘Wratten’ 82A filter’. 

We apologize to any subscribers who may have been inconvenienced 
by these errors. 


IMPORTANT: Please ensure that the contents of each section accord with 
its Contents Sheet—see the front page of this sheet. 


Any comments concerning the Data Book, including suggestions 
for new sheets, will be welcomed. Please address them to: 
LITERATURE DISTRIBUTION DEPARTMENT, 
KODAK LIMITED, 
VICTORIA ROAD, 
RUISLIP, 

MIDDLESEX, 

ENGLAND. 


KODAK 


and product names quoted thus 


‘“EKTACHROME’ 


are trade marks 


KODAK LIMITED LONDON PDDB-6 | /xWP8;/4-69 


AUTUMN 1968 SUPPLEMENT OF NEW AND 
REVISED DATA SHEETS 


for the ‘Kodak’ Data Book of Applied Photography 


This sheet lists the new, revised, and discontinued Data Sheets, and 
outlines the extent of revision, and the principal new features of the 
revised sheets. Also included and listed below, are the re-styled Contents 
Cards, certain new Thumbcards, and the re-styled Contents Sheets. 

Sections CN and ED have been replaced by a combined new section 
—“AV Audiovisual”. The EQ section has been combined with the FT 
section to form the new “FT Filters and Equipment” section. 

Insert each new or revised item—Index, Contents Card, Thumbcard, 
Contents Sheet, or Data Sheet—in order of its section or code. Discard 
discontinued sheets, and those replaced by revised editions. 

The issue letter, showing the edition of each Data Sheet, is now being 
given on each Contents Sheet. Please ensure that the contents of each 
section accord with its Contents Sheet—this will prevent the volumes 
from becoming over-full. If you do not hold the latest edition of a sheet, 
please request the latest edition from the address at the end of this sheet. 


IN VOLUME | 


Contents Card 
Please discard the existing Contents Card, and replace it with the 
new re-styled card. 


Index 


Applied Photography 
Discontinued. Please discard this sheet. 


RF Contents Sheet 


RF-9 The Prevention and Removal of Mould Growth on Photographic 
Materials 

Revised Minor revision. 

RF-I1 Stains Appearing on Stored Monochrome Negatives and Prints 

Revised General revision. 

RF-12 The Vibration Insulation of Photographic Equipment 


New . Previously EQ-6. Minor revision. Owing to the change of 
section, the sequence of issue letters re-commences with 
“Issue A”. 


GN 


GN-| 


Revised 
Issue C 


GN-3 


GN-4 


GN-6 


Revised 
Issue C 


GN-9 


CN 

CN 

CN-I 
CN-2 
CN-3 
CN-4 
CN-5 


AV 
AV 
AV-| 


New 
Issue A 


AV-2 


New 
Issue A 


Contents Sheet 


Copying Photographs and Other Illustrations 
General revision. 


Discontinued 


Please discard this sheet. The information in this sheet has been 
transferred to Data Sheet AV-3 in the new Audiovisual section. 


Discontinued 


Please discard this sheet. This sheet is under extensive revision, 
and will be issued as a new sheet in the new Audiovisual section 
at a later date. 


Making Monochrome Negatives from Colour Transparencies 
Revised to include new materials. 


Discontinued 
Please discard this sheet. 


Thumbcard 


Contents Sheet | Discontinued section. 


Please discard all of these. 

This section is now replaced by the new Audio- 
visual section—see below. Information pre- 
viously found in CN-3 is given in AV-2, 
and information previously found in CN-4 
is given in SC-8. 


The AV section, listed below, replaces the discontinued CN 
section: 


Audiovisual Thumbcard 
Audiovisual Contents Sheet 


Still and Cine Projection 


Previously ED-1. Extended bibliography, and minor revision. 
Owing to the change of section, the sequence of issue letters 
re-commences with ‘Issue A”. 


The Splicing and Handling of Narrow-Gauge Cine Film 
Previously CN-3. Revised to include current materials, and 
revised bibliography. Owing to the change of section, the 
sequence of issue letters re-commences with “Issue A’”’. 


AV-3 
New 
Issue A 


EQ 
EQ 
EQ-3 
EQ-5 
EQ-6 
FT 


FT 


FT-10 


Revised 
Issue E 


FT-12 


New 
Issue A 


XR 
MD 


IN-4 
IN-9 
IN-13 
IN-I7 


Making Titles, Diagrams, and Animated Effects 


Previously GN-3. Revised to include current materials and 
practices. Owing to the change of section, the sequence of issue 
letters re-commences with “Issue A’. 


Thumbcard 
Discontinued section. 


Contents Sheet | Please discard all of these. This section is 
now replaced by a combined section—Filters 
and Equipment (see below). Information 
previously found in EQ-3 is given in FT-12, 
and information previously found in EQ-6 
is given in RF-12. 


Filters and Equipment Thumbcard 
This replaces the “‘Filters””» Thumbcard. 


Filters and Equipment Contents Sheet 
This replaces the “Filters” Contents Sheet. 


‘Kodak’ Non-Photographic Filters 
General revision. 


‘Kodisk’ Lens Attachments 


Previously EQ-3. Revised to cover current range. Owing to 
the change of section, the sequence of issue letters re-commences 
with “Issue A”’. 


IN VOLUME 2 
Contents Card 


Please discard the existing Contents Card, and replace it with the 
new re-styled card. 


Contents Sheet 
Contents Sheet 


Contents Sheet 


Discontinued 
Please discard these sheets. 


SC 


SC-2 


Sc-3 


Revised 
Issue C 


S¢c-5 


SC-8 
New 
Issue A 


SCc-9 


SC-II 


Revised 
Issue B 


SC-13 


Revised 
Issue B 


DC 


DCc-4 


Revised 
Issue B 


ED 
ED 
ED-I 
ED-2 


CL 


Contents Sheet 


Discontinued 
Please discard this sheet. 


Ultra-Violet Photography 
General revision, and revised bibliography. 


Discontinued 
Please discard this sheet. 


16 mm Cine-Micrography 
Previously CN-4. Minor revision. Owing to the change of 
section, the sequence of issue letters re-commences with “Issue A”’. 


Discontinued 
Please discard this sheet. 


Photomacrography 
General revision, and bibliography added. 


Exposure in Photomicrography 
Revised, with extended bibliography. 


Contents Sheet 


The Diffusion-Transfer Process using Kodak ‘Instafax’ CT 
Materials 
Completely revised to describe improved process and materials. 


Thumbcard 


Contents Sheet Discontinued section. 


Please discard these. Information previously 
found in ED-1 is given in AV-1 (new sheet). 


IN VOLUME 3 


Contents Card 


Please discard the existing Contents Card, and replace it with the 
new re-styled card. 


Contents Sheet 


CL-9 


Revised 
Issue B 


PR 


PR-2 
Revised 
Issue C 


PR-3 


PR-4 
New 
Issue A 


PR-7 


Revised 
Issue D 


PR-12 


Revised 
Issue C 


FY 


FY-I 


Revised 
Issue G 


FY-3 


FY-4 


Revised 
Issue F 


FY-5 


Revised 
Issue D 


FY-7 


Revised 
Issue D 


Colour Photography and the Human Eye 
General revision. 


Contents Sheet 


Granularity and Graininess 
General revision. 


Discontinued 
Please discard this sheet. 


Reversal Processing Procedures 


Previously FY-3. Completely revised—new meter settings for 
‘Panatomic-X’ Films, revised processing procedures for 
“Kodalith’ Films, and revised processing procedures for both the 
M-R ‘Kodak’ Maximum-Resolution Plate and the ‘Kodak’ High 
Resolution Plate. Owing to the change of section, the sequence 
of issue letters re-commences with “Issue A”. 


Darkroom Design 
Completely re-written to accord with current practice. 


Processing Stains on Monochrome Negatives and Prints 
General revision. 


Contents Sheet 


Formulary: Index and General Information 
General revision. 


Discontinued 


Please discard this sheet. Reversal processing information is now 
given in PR-4. 


Stop, Hardening, and Fixing Bath Formulae 
General revision, including substitution of 80 per cent acetic acid 
for glacial acetic acid quantities. 


Reducer, Intensifier, and Bleach Formulae 


General revision, including addition of R-9 Bleach Bath, CB-6 
Clearing Bath, and R-21 Bleaching and Clearing Baths for 
reversal processing. 


Cleaner and Stain-Remover Formulae 
General revision. 


SE 
SE-2 


Revised 
Issue G 


SE-3 


Revised 
Issue E 


SE-6 


SE-7 


PL 
PL-I, 


IN VOLUME 4 
Contents Card 


Please discard the existing Contents Card, and replace it with the 
new re-styled card. 


Contents Sheet 


General Data on ‘Kodak’ Sensitized Materials 
Extensive revision. 


‘Kodak’ Scientific Plates and Films 


Extensively revised to describe currently available materials for 
scientific work. 


Discontinued 


Please discard this sheet. If a particular application is not 
covered by a Data Sheet, information on suitable materials will be 
supplied by the appropriate Sales Department of Kodak Limited 
at Kingsway, London, W.C.2. 


Discontinued 


Please discard this sheet. Suitable plates for spectrographic 
work are described in SE-3. 


Contents Sheet 


PL-4, 


PL-10, PL-II, 


PL-12, 


FEnL®, Discontinued 


PL-16, PL-17, Please discard all of these sheets. The products 


described in them are being discontinued. 


PL-18, PL-19, 


PL-20, PL-26, 


PL-27, 


PP 
PP-3 


Revised 
Issue D 


PP-7 


Revised 
Issue B 


PL-32 
Contents Sheet 


‘Kodak’ Bromide High-Resolution Waterproof Paper 
Completely revised to describe improved product. 


‘Kodalith’ Glossy Paper, GP 
‘Kodalith’ Lustre Paper, LP 


Extensive revision. 


FM 


FM-1C 


Revised 
Issue B 


FM-ID 


Revised 
Issue D 


FM-2A 


Revised 
Issue E 


FM-24 


Revised 
Issue B 


FM-30A 


Revised 
Issue C 


FM-32 


New 
Issue A 


FM-41 


Revised 
Issue C 


FM-42A 


Revised 
Issue B 


FM-50 


Revised 
Issue D 


FM-54 


Revised 
Issue C 


IN VOLUME 5 


Contents Card 


Please discard the existing Contents Card, and replace it with the 
new re-styled card. 


Contents Sheet 


16 mm Kodak ‘Ektachrome’ EF Films 7241 (Daylight) and 7242 
(Tungsten) 


General revision. 


Kodak ‘Ektachrome’ Films, Daylight Type and Type B—Process 
E-3 
Extensive revision. 


‘Kodachrome’ II Films, Daylight Type and Type A 
General revision. 


‘Kodak’ Radiograph Duplicating Film (‘Estar’ Base) 
Revised to describe product on ‘Estar’ polyester base. 


‘Kodalith’ Pan Film (‘Estar’ Base) 
General revision. 


‘Kodak’ Gravure Positive Film (‘Estar’ Thick Base) 


Kodalith ‘Autoscreen’ Ortho Film 
General revision, including addition of meter settings. 


Kodalith ‘Royal Ortho’ Films 


Complete revision, including addition of information on ‘Estar’ 
Thick Base material, spectral-sensitivity curves, meter settings, 
and characteristic curves. 


Kodak ‘Royal-X’ Pan Roll Film 


General revision, including addition of reciprocity-failure and 
contrast index data. 


35 mm Kodak ‘Quick-Finish’ Panchromatic Film 


General revision, including replacement of wedge spectrograms 
by spectral-sensitivity curves. 


FM-100 ‘Kodatrace’ Tracing Material 


New , Previously EQ-5. Although this sheet has changed section, it 
does not re-commence with “Issue A”. 


IMPORTANT: Please ensure that the contents of each section accord with 
its Contents Sheet—see the front page of this sheet. 


Any comments concerning the Data Book, including suggestions for 
new sheets, will be welcomed. Please address them to: 


LITERATURE DISTRIBUTION DEPARTMENT, 
KODAK LIMITED, 
VICTORIA ROAD, 
RUISLIP, 
MIDDLESEX, 
ENGLAND. 


Kodak, Kodalith and product names quoted thus—‘Ektachrome’—are trade marks 


KODAK LIMITED LONDON PDDB-61 /x WP8!/1 1-68 


INDEX 


Autumn 


to Volumes 1, 2, and 3, and the SE Section of Volume 4 


Plates, Papers, and Films—in Volumes 4 and 5—are covered by their Contents 


Sheets 


1968 


The bold figures immediately preceding the Data Sheet reference letters and numbers indicate 
the volume in which each particular Data Sheet will be found. An item in bold type indicates 
an actual Data Sheet title. 


A 
ACUtAN Ce .oi siti ina eae ied I, GN-II 
Agitation procedures............. 3, PR-13 
Alloys, light, radiography of....... 2, IN-14 
Animated films.................. I, AV-3 


Application of infra-red 
photography in the study of 


plant diseases................. 2, SC-7 
Artificial-light colour photography 3, CL-8 
Astronomy, Scientific Plates for... .4, SE-3 
Attachments, ‘Kodisk’ lens........ 1, FT-12 
Automatic Recording of 
Instrument Panels........... 2, IN-3 
Autoradiographic Plates.......... 2, SC-10 
Autoradiography .............. 2, SC-10 
B 
Back-projection methods......... I, AV-1 
Bleach formulae................5 3, FY-5 
Cc 
Camera extension at various 
magnifications.............+.4- I, RF-4 
Camerashake ..........-...20005 I, GN-II 


Causes of speed and colour- 
balance variations with 
colour films...........0..ee eee 3, CL-II 
Cementing of Colour or Mono- 
chrome Miniature Trans- 


parencies to Glass, The....... 1, GN-8 
Centring of photomicrographic 

apparatus ...........eeee eens 2, SC-12 
Chemical Aids to Rapid 

Drying .............-. cence 3, PR-II 


Chemical Sundries, list of ‘Kodak’. .3, FY-I 














Chemicals, list of ‘Kodak’......... 3, FY-| 
Chromatograms, recording 
thin-layer .................0.. 2, SC-6 
Chronocyclegraph study.......... 2, IN-7 
Cine films, lengths of............. 4, SE-4 
——,, splicing and handling of 
Narrow gauge ......... 1, AV-2 
Cine-Fluorography............. 2, MD-4 
Cinematography, high-speed...... 2, IN-2 
Cine-micrography, 16mm......... 2, SC-8 
Cine projection ................. I, AV-I 
techniques ................. I, AV-3 
Cleaner and Stain-Remover 
Formulae.................... 3, FY-7 
Cleaning colour transparencies... .3, CL-4 
Close-up lens ................0.. I, FT-12 
Colour blindness................ 3, CL-7 
Colour Films Processedas Mono- 
chrome .................. 3, PR-14 
— — _, critical use of.......... 3, CL-I1 
— — , filter recommendations 
for exposing .......... 3, CL-4 
—— harmony.............0. 000s 3, CL-7 
—— materials, storage of......... 3, CL-4 
—— materials, filters for ....... 3, CL-3 
Perception ................ 3, CL-7 
Colour Photographs of Signs, 
Lights and other Night 
Subjects .................. 3, CL-I2 
Colour Photography and the 
Human Eye............... 3, CL-9 
—— —— by Artificial Light....3, CL-8 
— , exposurein........... 3, CL-6 
—— ——, problems in .......... 3, CL-7 
—— reproduction in colour 
photography ..............- 3, CL-9 





Colour Temperature .......... 3, CL-5 
— , Meters .........0 ee eee 3, CL-5 
—— transparencies, making mono- 
chrome negatives from....... I, GN-6 
—— —, cleaning of ............ 3, CL-4 
Colour-balance variations with 

colour films, causes of.......... 3, CL-I1 
Colour-Compensating 

Filters ............00.. 3, CL-3; 3, CL-13 
Colour-print making, Dye Transfer 3, CL-2 
Colour-Printing Filters. ..3, CL-3; 3, CL-13 
Colour-separation filters.......... 1, FT-6 
Contact copying................. 2, DC-I 
—— copying in the drawing office. .2, IN-5 
—— Microradiography......... 2, IN-12 
Construction of processing 

APPAats evo wilds ese iad Ge Geeta 3, PR-6 
Contrast Index................ 4, SE-IA 
Contrast, subject, in colour 

photography .................. 3, CL-7 
Copiers, ‘Kodak’, for document- 

(0) o) | 2, DC-3 
Copying by contact.............. 2, DC-| 
——, diffusion-transfer........... 2, DC-4 
—— colour transparencies in mono- 

chrome...........2e ccc eeee I, GN-6 
—— factors, scales for 

determining................ I, RF-4 
—— Photographs and Other 

Illustrations .............. 1, GN-1I 
—— Radiographs and Other 

Transparencies ........... 1, GN-2 
Critical Use of Colour Films, 

ThE. pace heedie ta a wees 3, CL-I1 

Crystallography, X-ray........... 2, SC-I5 
D 

Darkroom Design.............. 3, PR-7 

Definition, sharpness of........... I, GN-II 

Density strips ...............005. I, FT-2 

Depth-of-field table .............. I, RF-3 

Dermatitis from Photographic 

Chemicals ................... 3, PR-8 
Design of darkrooms............. 3, PR-7 
Developer Formulae........... 3, FY-2 
Developers, packed, list of........ 3, FY-2 
Developing ‘Kodak’ Films, Plates 

and Papers.................... 3, PR-13 


Developing X-ray films........... 2, 
Development of plates, uniform... .3, 
, tropical, of X-ray films...... 2, 





Diagrams for films and film strips ..1, 


Diffusion-Transfer Process using 
Kodak ‘Instafax’ CT Materials, 





XR-6 
PR-5 

XR-8 
AV-3 


The... 2 hie eet bts techn 2, DC-4 
Dimensional Stability of Photo- 

graphic Films and Plates, The I, RF-10 
Dish-cleaner formulae............ 3, FY-7 
Document copying............... 2, DC-| 
—. in the drawing office ....2, IN-5 
— — with ‘Instafax’ CT 

materials ............. 2, DC-4 

—— —— with ‘Kodak’ copiers... .2, DC-3 
Drawing office, document 

Copying in.......... cee eee eee 2, IN-5 
Drying, rapid, chemical aids to..... 3, PR-II 
Dye-line printing in the drawing 

OPCS or edad Seve sce Slo scad brn thee 2, IN-5 
Dye Transfer Process............ 3, CL-2 

E 

Effects, animated, for films........ I, AV-3 
‘Ektachrome’ Films, filters 

OM She gina ae peeve enas 3, CL-3; 3, CL-14 
‘Ektacolor’ Films, filters 

LOR oon bie Gantorine oo are Gras’ 3, CL-3; 3, CL-I4 
Electron micrography, materials 

OP ss Sede nis ctet Seen. Bee 4, SE-5 
Emulsion distortion, 

prevention of ................. I, RF-10 
Emulsion speed, methods of 

increasing ...............0008. I, GN-7 
Equipment, vibration insulation of I, RF-12 
Equipment for copying........... I, GN-I 


Estimating Adjustment of 
Exposure Time when Print- 


ing from Colour Negatives. . .3, 
Etch-bleach formulae............. 3, 
Exposure adjustment in colour 

PFINCINg 8.5 el das sae whe as 3, 
Exposure chart, temperature 

distribution.................0. 2, 
Exposure charts, 

gamma-radiography............ 2, 





correction necessitated by 
reciprocity failure........... 4, 


CL-13 
FY-5 


CL-13 


IN-8 


IN-16 


Exposure corrections at various 
camera extensions 


—— for colour photographs of signs, 





lights, and other night subjects 3, CL-12 
—— in Colour Photography... .3, CL-6 
—— in Photomicrography...... 2, SC-13 
—— Meter Settings............ I, RF-I 

ratios for different lens 

apertures ...............04- 1, RF-7 

F 

Failure, reciprocity.............. 4, SE-I 
Faults in Processing X-ray 

FAQS oes bis 2s btw teen Sc sot Me 2, XR-7 
Film speeds............. 4, SE-2; I, RF-I 
Film speeds, X-ray............... 2, XR-I 
Film titling..................008. 1, AV-3 
Films.............005 5, Contents Sheet FM 
Films, animated.................. I, AV-3 
——, scientific ..............005. 4, SE-3 
Filter Recommendations for 

‘Kodak’ Colour Films ........ 3, CL-14 
—— sets for scientific and 

industrial purposes.......... I, FT-3 
Filters, available forms............ 1, FT-I 
——, care of............. 0. 1, FT-I 
——, Colour- 

Compensating...... 3, CL-3; 3, CL-13 
——, Colour-Printing....3, CL-3; 3, CL-13 
——, colour-separation .......... I, FT-6 
— for ‘Kodak’ Colour 

Materials ................. 3, CL-3 
——, infra-red, Nos. 87, 87C, 88A, 

BOB eG Seln tec sale eet 1, FT-9 
——, ‘Kodisk’ ..............004. Il, FT-12 
——, liquid, mercury-line......... 1, FT-5 
—, monochromatic ............ I, FT-4 
——, neutral-density............. 1, FT-2 
—., non-photographic .......... I, FT-10 
——, selection of..............4. 1, FT-! 
—— , ultra-violet, Nos. 2A, 2B, 2E, 

IBA, 1BB oc. ot paw ts tas » FT-9 
——, ‘Wratten’ Nos. 8(K2), 

9(K3), II(XI), 15(G), 25...... 1, FT-8 
Fixer regeneration .............. 3, PR-9 
Fixers, packed, list of............. 3, FY-4 
Fixing-bath formulae ............. 3, FY-4 
Flash Photography............. I, RF-8 
Fluorescence ultra-violet photo- 

SPAN skein an thawed 2, SC-3 
Fluorography, cine-.............. 2, MD-4 


RF-4 





Formulae, developer ............. 3, FY-2 
——,, dish cleaner, stain remover 
and hand-stain remover..... 3, FY-7 
= — INDEX 10 Fos cee Sa bes 3, FY-1 
, reducer, intensifier, and 
bleach. svcc5 bee ie ev ene 3, FY-5 
——, stop, hardening, and 
fixing bath................. 3, FY-4 
——, TONE? secdecad ne saaeeeed 3, FY-6 
Formulary: Index and General 
Information ................. 3, FY-| 
G 
Gamma-Radiography .......... 2, IN-16 
Gelatin adhesive ................ 3, FY-5 
General Data on 
‘Kodak’ Sensitized Materials 4, SE-2 
General Information on ‘Kodak’ 
Negative Materials .......... , SE-I 
Glass, cementing miniature 
transparencies to.............. I, GN-8 
Glossary of Common Photo- 
graphic Terms............... I, RF-5 
Grain, fineness of.............605 1, GN-II 
Graininess, granularity and........ 3, PR-2 
Granularity and Graininess..... 3, PR-2 
Gross specimens, pathological, 
photography of................ 2, MD-3 
H 
Handling of narrow-gauge 
cine film. ...........0e ee eee eee I, AV-3 
Hand-stain remover formula...... 3, FY-7 
Hardeners, packed, list of......... 3, FY-4 
Hardening bath formulae......... 3, FY-4 
High-Speed Photography...... 2, IN-2 
Hypersensitization .............. I, GN-7 
Hypo-eliminator formula......... 3, FY-4 
Hypo test solution formula........ 3, FY-4 
i 
Image intensifiers in 
cine-fluorography.............. 2, MD-4 
Increasing emulsion speed......... I, GN-7 
Index to Formulary.............. 3, FY-| 
Infra-red filters...............005 I, FT-9 
— Photography ............. 2, SC-7 
—— Photography in Medicine. .2, MD-2 


Infra-red photography in the study 


of plant diseases............. 2, 
—— recording temperature 

distribution ............... 2, 

— sensitive plates............. 4, 

‘Instafax’ CT materials............ 2, 


Instrument panels, automatic 


SC-7 


IN-8 
SE-3 
DC-4 


recording of .................. 2, IN-3 
Intensifier formulae.............. 3, FY-5 
Intensifying screens, lead.......... 2, XR-4 
K 
Keeping of photographic materials 
and photographic records....... I, RF-6 
Keeping properties and useful life 
of solutions ...............2005 3, FY-I 
‘Kodachrome’ Films, filters 
FOR Se viteeh Ae intact 3, CL-3; 3, CL-14 
‘Kodacolor-X’ Film, filters 
fOl feck tee dacas eens 3, CL-3; 3, CL-14 
‘Kodak’ Copiers, office document 
copying with ............... 2, DC-3 
—— Dye Transfer Process...... 3, CL-2 
— Non-Photographic Filters I, FT-10 
—— Photographic Materials for 
Electron Micrography..... 4, SE-5 
—— Photo-Sensitive Resists in 
INGUSOPY es cis eke ee 4, SE-9 
— ‘Pola’ Screen.............. I, FT-I1 
—— Scientific Plates and Films.4, SE-3 
—— ‘Wratten’ Filter Sets for 
Scientific and Industrial 
Purposes.................. Il, FT-3 
—— ‘Wratten’ Filters.......... I, FT-1 
—— ‘Wratten’ Filters Nos.8(K2), 
9(K3), IICX1), 15(G), 25....1, FT-8 
—— ‘Wratten’ Ultra-Violet 
Filters Nos. 2A, 2B, 2E, 18A, 
18B and Infra-Red Filters, 
Nos. 87, 87C, 88A, 89B...... I, FT-9 
—— ‘Wratten’ Filter Colour- 
Separation Sets........... 1, FT-6 
—— X-ray Film Speeds........ 2, XR-I 
‘Kodisk’ filters and close-up lens..1, FT-12 
‘Kodisk’ Lens Attachments..... I, FT-12 
L 
Latensification .................. I, GN-7 
Latitude, exposure, in colour 
photography .................. 3, CL-6 
Lead Intensifying Screens ...... 2, XR-4 


Lengths of ‘Kodak’ 8 and 16mm 
Cine, and 35 mm Miniature 
Palms): fei aSew eee tee es oe 4, 


Lens Apertures and Exposure 


Ratios: S.50..5.noetennro nice ts I, RF-7 
Lens attachments, ‘Kodisk’........ I, FT-12 
Light alloys, radiography of........ 2, IN-14 
Light-sources, artificial, in colour 

photography .............005. 3, CL-8 
Light-Balancing filters............ 3, CL-3 
Liquid developers, list of.......... 3, FY-2 


Liquid Filters for the Isolation 
of Certain Lines of the 
Mercury Discharge Lamp....1, 

Loading ‘Kodak’ Cine and 35 mm 
miniature cameras 

Localisation in Radiography... .2, 


Macrostructure of metals, 
photography of................ 2, 
Magnification at various camera 
extensions 
Making Monochrome Negatives 
from 35 mm Colour Trans- 
parencies 
Making Titles, Diagrams, and 
Animated Effects 
Medical infra-red photography. .... 2, 


Memomotion study .............. 2, 

Metallography................. 2, 

Metals, photography of macro- 
structure Of.............00 00 ee 2, 


Meter settings of ‘Kodak’ sensitized 
materials 


Methods of Increasing Emulsion 


Speed). ies ee nie tadagye’ I, 
Metol-free developers............ 3, 
Metol poisoning................. 3, 
Microfilming .............. 0000 ee 2, 
Micrography, 16 mmcine-......... 2, 
——, electron, materialsfor....... 4, 
Say ia 8 ie Pies das ater ee 2, 
Micromotion study.............. 2, 
Microradiography, contact........ 2, 


Microscope, setting up for 
photomicrography 
Microstructure of metals.......... 2, 


Miniature films, lengths of, and 
loading into ‘Kodak’ 35 mm 
miniature cameras............. 4, 


Mired values...............00005 3, 
Mired-shift values................ 3, 


FT-5 


4, SE-4 


XR-3 


IN-10 


RF-4 


GN-6 


AV-3 
MD-2 
IN-7 
IN-11 


IN-10 
SE-2 


GN-7 
PR-8 
PR-8 
DCc-| 
SC-8 
SE-5 
IN-12 
IN-7 
IN-12 


SC-12 
IN-I1 


SE-4 
CL-5 
CL-5 


Monochromats and Monochro- 
matic Combinations from the 








Kodak ‘Wratten’ Filter Range |, FT-4 
Monochrome negative making from 
colour transparencies .......... , GN-6 
Motion study, photographic 
techniquesin.................. 2, IN-7 
Mould growth on photographic 
materials ............ 0.0 eee eee I, RF-9 
Movie films, lengths of............ 4, SE-4 
N 
Negative materials, general 
information on.............005 4, SE-| 
—— ——, processing stains...... 3, PR-12 
—— ——,, Storage stains......... I, RF-11 
—— Quality................... I, GN-II 
Neutral-Density Filters 
(Kodak ‘Wratten’ Filters 
No. 96) and ‘Kodak’ Photo- 
graphic Step Tablets......... 1, FT-2 
Night subjects, colour 
photographs of................ 3, CL-12 
Non-photographic filters ......... |, FT-10 
°o 
Office Document Copying 
with ‘Kodak’ Copiers......... 2, DC-3 
Optical Formulae and, 
Depth-of-Field Table......... I, RF-3 
P 
Packed developers, list of......... 3, FY-2 
— fixers, list of................ 3, FY-4 
hardeners, list of............ 3, FY-4 
Papers aio dPccmyiece6 4, Contents Sheet PP 
Pathological specimens, 
photography of................ 2, MD-3 
Penumbral Unsharpness....... 2, XR-2 
Photo-Elastic Stress Analysis. ..2, SC-1 
Photographic Aspects of X-ray 
Crystallography, The........ 2, SC-I5 
—— Copying of Documents....2, DC-| 
—— Techniques in Work 
Study. cos ssdh Montes 2, IN-7 
terms, common............. I, RF-S 
— thermometry .............. 2, IN-8 
Photographing Pathological 
Specimens................065 2, MD-3 





Photography, high-speed ......... 2, IN-2 
—, infrared .............00005 2, SC-7 
—— in the Drawing Office..... 2, IN-5 
in the Tropics............. 1, GN-5 
—— ofthe Macrostructure 
of Metals................. 2, IN-10 
——,, ultra-violet ................ 2, SC-3 
——, underwater................ I, GN-12 
Photomacrography ............ 2, SC-I1 
Photomicrography: Centring 
and Adjustment of Apparatus 2, SC-12 
——, exposure.............-005- 2, SC-13 
——, ultra-violet ................ 2, SC-4 
Photo-sensitive resists in 
INdUSErY essen cea ede een es 4, SE-9 
‘Photostat’ Machine....2, IN-5; 2, DC-1 
Plant diseases, infra-red photo- 
graphy in study of ............. 2, SC-7 























oath gies tas Bales eat g 4, Contents Sheet PL 


Plates 
——, autoradiographic ........... 2, SC-10 
—— for spectrography........... 4, SE-3 
SS SCIONCUFIC: cove Sia. oe eo lols alk tenes 4, SE-3 
, uniform development of..... 3, PR-5 
‘Pola’ screen............e cece eee I, FT-II 
Prevention and Removal of 
Mould Growth on Photo- 
graphic Materials, The....... 1, RF-9 
Prevention of emulsion distortion. .1, RF-I0 
Principles of processing........... 3, PR-13 
Print stains from processing....... 3, PR-12 
1 ——, from storage.......... I, RF-II 
Printing colour negatives, adjust- 
ment of exposure time......... 3, CL-3 
Problems in Colour Photo- 
graphy oi cee ese eke ee » CL-7 
Procedures for reversal process- 
ING she ceks owe ites enaye eg tied wee , PR-4 
Processing apparatus, materials 
for construction of............. 3, PR-6 
—— faults, X-ray films........... 2, XR-7 
IM. ChOPiCS 40.0824 See sede es ods 1, GN-5 
—— Principles and Techniques.3, PR-13 
—— Stains on Monochrome 
Negatives and Prints...... 3, PR-12 
——, tropical, of X-ray films ...... 2, XR-8 
X-ray Films............... 2, XR-6 
Projection copying in drawing office 2, IN-5 
SCREENS miereieebie esos ceeded 2, AV-I 
, Still and cine............... I, AV-1 
Protection of colour materials. .... 3, CL-4 
Q 
Quality, negative ................ I, GN-I1 


R 
Radiographic localisation ......... 2, XR-3 
Radiographs, copying of.......... I, GN-2 
Radiographs, storage of........... 2, XR-5 
Radiography, gamma-............ 2, IN-16 
——, general .............. 2, Section XR 
——, industrial............. 2, Section IN 
——, medical .............. 2, Section MD 
—— of Light Alloys, The....... 2, IN-14 
— of welds...............0008 2, IN-15 
Rapid drying .................00. 3, PR-I1 
‘Readyprint’ Copier for 
document copying ........... 2, DC-3 
Reciprocity failure ............... 4, SE-| 
‘Recordak’ copying.............. 2, DC-| 
Recording, automatic, of 
instrument panels............. 2, IN-3 
Recording materials.............. 4, SE-2 
Recording Temperature 
Distribution ................ 2, IN-8 
Recording Thin-Layer 
Chromatograms ............ 2, SC-6 
Recovery ofsilver.............66. 3, PR-9 
Reducer, Intensifier, and Bleach 
Formulae.................... 3, FY-5 
Reflex printing of documents...... 2, DC-I 
Regeneration of fixing solutions... .3, PR-9 
Reproduction of colour in colour 
photography ................-. 3, CL-9 
Resists, photo-sensitive, in 
INAUSUPY oie Canes ween ged Bae 4, SE-9 
Reversal Processing Procedures 3, PR-4 
s 
Safelight-filter colours............ I, RF-2 
Safelighting for darkroom 
illumination...............0005 I, RF-2 
Scales for Determining 
Copying Factors ............. I, RF-4 
Scientific plates and films ......... 4, SE-3 
Screens, lead intensifying......... 2, XR-4 
Screens, projection............... 2, AV-! 
Selection of Materials for the 
Construction of Photographic 
Processing Apparatus........ 3, PR-6 
Sensitized materials for copying. ...1, GN-I 
Sensitized materials, general 
classification .............0000- 4, SE-2 
Sharpness of definition........... I, GN-I1 
Silver Recovery and Fixer 
Regeneration ................ 3, PR-9 


Sizes of plates and sheet films...... 4, 
Size retention of photographic 
films and plates................ 5 
Specimens, photography, of 
pathological...............004- 2, 


Spectrography, scientific plates for.4, 


Speed of emulsion, methods of 
increasing 


Speed variations with colour...... 
films, causes of 
Speeds of X-ray films............. 2, 
Splicing and Handling of 
Narrow-Gauge Cine Film, The I, 
Stabilization Processing 


SE-| 
RF-10 


MD-3 
SE-3 


GN-7 


CL-I1 
XR-! 


AV-2 


Techniques .................. 2, DC-2 
Stain on colour films (owing to 
monochrome processing)....... 3, PR-14 
Stain remover formulae........... 3, FY-7 
Stains Appearing on Stored 
Monochrome Negatives and 
Print: 23656626056 seas Bees » RF-II 
Stains on monochrome 
negatives and prints from 
processing ..............00e08. 3, PR-12 
‘Statfile’ copying in drawing 
OPP CES Sie uiraseapochouee tinted entnatue a 2, IN-5 
Step wedges...............00005 Il, FT-2 
Still and Cine Projection....... I, AV-I 
Stop, Hardening, and Fixing 
Bath Formulae .............. 3, FY-4 
Storage of Colour Materials, 
Thies ee eee Sees 3, CL-4 
—— —— Photographic 
Materials and Photo- 
graphic Records, The.1I, RF-6 
—— —— X-ray Films and 
Radiographs, The..... 2, XR-5 
"SCANS pe os ange tree ee ay ee I, RF-I1 
Stress analysis, photo-elastic....... 2, SC-| 
Subject contrast in colour 
photography ................, 3, CL-7 
T 


Tables of Recommended Safe- 
lighting for Darkroom 


IHumination ................ I, 
Techniques of processing......... 3, 
Temperature-distribution 

recording............ cee cease 2, 
Terms, common photographic..... I, 
Thermometry, photographic...... 2, 


Thickness and weight of plates..... 4, 


RF-2 
PR-13 


IN-8 
RF-5 
IN-8 
SE-1 


Thin-layer chromatograms, 





recording .............ccee ees 2, 
Withing: siete. cde dete eect Gale rate bes 8 I, 
Tomography .................. 2, 
Tone gradation.................. I, 
Toner formulae.............----- 3, 
Toners, packed, list of............ 3, 
Toning Formulae .............. 3, 
Transmission printing of docu- 

MENES sec saben hae ahpe awed 2, 
Transparencies, miniature, 

cementing to glass............. I, 
Transparencies, copying of........ l, 
Tropical photography ............ I, 
Tropical Processing of ‘Kodak’ 

X-ray Films................. 2, 

U 
Ultra-violet filters ............... I, 
Photography.............. 2, 
—— Photomicrography........ 2, 
Underwater Photography...... I, 
Uniform Development of 
Photographic Plates ......... 3, 


SC-6 
AV-3 
MD-5 
GN-II 
FY-6 
FY-6 
FY-6 


Dc-| 

GN-8 
GN-2 
GN-5 


XR-8 


FT-9 
SC-3 
SC-4 
GN-12 


PR-5 


‘Verifax’ copiers for 





document copying ............. 2, DC-3 
Vibration Insulation of Photo- 
graphic Equipment, The...... I, RF-12 
w 
Weights and measures conversion 
tables. 2.2c.aoru nm acdaras Peas 3, FY-I 
Weld Radiography............. 2, IN-15 
Work study, photographic 
techniquesin.................. 2, IN-7 
x 
X-ray crystallography ............ 2, SC-15 
— film speeds................. 2, XR-! 
— films, faults in processing..... 2, XR-7 
—— ——, general data........... 4, SE-2 
—— ——, processing of.......... 2, XR-6 
—— ——,, storage of............. 2, XR-5 
— , tropical processing of...2, XR-8 
—— micrography ............... 2, IN-12 
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EXPOSURE-METER SETTINGS 





MONOCHROME 





METER SETTING ey 
MATERIAL ASAIBS* | BS. DIN SHEET 


(arithmetical) | (logarithmic) | (logarithmic) NUMBER 
SHEET FILMS 
‘Royal-X’ Pan... 1250 42° 32 FM-44 
‘Panchro-Royal’. . . 400 37° 27 FM-38 
‘Super-XX’ 2... . 200 34° 24 FM-37 
‘Plus-X’ Pan. . . . 125 32° 22 FM-36 
‘ , 400 37° 27 
Ortho-Royal’ . . (250) (35°) (25) FM-35 
: 50 28° 18 
Commercial Ortho (16) (23°) (13) FM-34 
Commercial 50 28° 18 FM-39 
Fine Grain . . (10) (21°) (1) 
ROLL FILMS 
‘Royal-X’ Pan... 1250 42° 32 FM-50 
Trex Pan Professional 400 37° 27 FM-46 
‘Tri-X’ Pan... 400 37° 27 FM-45 
‘Plus-X’ Pan Professional 125 32° 22 FM-48 
‘Verichrome’ Pan . . 125 32° 22 FM-49 
‘Panatomic-X’ . . . 40 27° 17 FM-47 
MINIATURE FILMS 
‘Tri-X’ Pan 2... 400 37° 27 FM-53 
‘Plus-X’ Pan... . 125 32° 22 FM-52 
“Panatomic-X’ . . . 32 26° 16 FM-51 
Quick-Finish 
Panchromatic. . . 50 28° 18 FM-54 
PLATES 
P1600... 2... 400 37° 27 PL-20 
P1200... ... 400 37° 27 PL-19 
P2300! 30. ceva we 40 27° 17 PL-18 
250 35° 25 
0.800. .... (125) G2) @ PL-12 
20 ° 
: eee ee WES 3 PL-I1 
— @) 20") (10) 
NARROW-GAUGE 
CINE FILMS 
16 mm ‘Tri-X’ 320 36° 26 FM-5 
Negative Movie (250) (35°) (25) 
16 mm ‘Plus-X’ 80 30° 20 FM-6 
Negative Movie (64) (29°) (19) 
16 mm ‘Tri-X’ 200 34° 24 FM-I1 
Reversal Movie (160) (33°) (23) 
16 mm ‘Plus-X’ 50 28° 18 \ FM-12 
Reversal Movie (40) (27°) (17) 





NOTE—Most materials have only one set of speed figures in the table above and these are suitable 


for exposure by daylight or by tungsten light. Cine, ortho, and blue-sensitive materials have two 
sets of figures—those in brackets are for use in tungsten light. 


* These figures may be used with all Weston exposure meters. 
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COLOUR 





METER SETTING 








- KODAK DATA 
LIGHT- “‘WRATTEN’ SHEET 

ASA/B.S. B.S. DIN 

SOURCE FILTER (arith.)* | (log) (log) NUMBER 
‘EKTACHROME’ SHEET AND ROLL FILM, DAYLIGHT TYPE—E-3 
Daylight . . . .| None | 50 | 2° | 18 | FMID 
‘EKTACHROME’ SHEET FILM, TYPE B—E-3 
3200°K lamps. . . None 32 26° 16 
Photoflood lamps. No. 81A 25 25° 15 FM-ID 
Daylight . . . . No. 85B 25 25° 15 
‘EKTACHROME-X’ FILM, DAYLIGHT TYPE—E-2/E-4 
Daylight. A None 64 29° 19 
Photoflood lamps : No. 80B 20 24° 14 FM-IE 
3200°K lamps. . . No. 80A 16 23° 13 
HIGH-SPEED ‘EKTACHROME’ FILM, DAYLIGHT TYPE—E-2/E-4 
Daylight . . j None 160 33° 23 
Photoflood lamps : No. 80B 50 28° 18 FM-1B 
3200°K lamps. . . No. 80A 40 27° 17 
HIGH-SPEED ‘EKTACHROME’ FILM, TYPE B—E-2/E-4 

3200°K lamps . None 125 32° 22 
Photoflood lamps No. 81A 100 31° 21 FM-IB 
Daylight No. 85B 80 30° 20 





‘EKTACOLOR’ PROFESSIONAL FILM, TYPE S 


Photoflood lampst No. 80B 32 26° 16 
3200°K jampst . No. 80A 25 25° 15 


‘EKTACOLOR’ PROFESSIONAL SHEET FILM, TYPE Lt 


3200°K lamps. . . None 
Photoflood lamps. No. 81A 
Daylight . . . . No. 85 


| 100-325 31°-26°§ | 2I- es 
64 29° 
64 29° 


Daylight. None 100 31° 2 } 





‘KODACOLOR-X’ FILM 






Daylight . . . . None 80 30° 20 
Photoflood lamps No. 80B 25 25° 15 FM-4A 
3200°K lamps . No. 80A 20 24° 14 








* These figures should be used with the Weston Master 111 meter; with all earlier models, a figure 
approximating to 4/5ths of these figures should be used. 

Enough light must be present to provide exposure times of |/10th second or shorter. 

Do not expose for times shorter than I/l0th second or longer than 60 seconds. 

According to exposure time; full details in Data Sheet FM-3. 
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ate KODAK METER SETTING DATA 

: ‘WRATTEN’ SHEET 
ASA/BS.| B.S. | DIN 

SOURCE FILTER | (th)*| (los) | opy | NUMBER 





‘KODACHROME-X’ FILM, DAYLIGHT TYPE 
Daylight . . ‘ None 64 29° 19 1) 


Photoflood lamps : No. 80B 20 24° 14 FM-2B 
3200°K lamps... No. 80A 16 23° 13 


‘KODACHROME?’ II FILM, DAYLIGHT TYPE 
Daylight 2... None 25 25° IS |) 
Photoflood lamps. No. 80B 8 20° 10 FM-2A 
3200°K lamps. . . No. 80A 6 19° 9 
‘KODACHROME?’ II FILM, TYPE A 

Photoflood lamps. None 40 27° 17 1) 

3200°K lamps... No. 82A 32 26° 16 FM-2A 
Daylight . . . No. 85 25 25° 15 


16 mm ‘EKTACHROME’ COMMERCIAL FILM, TYPE 7255 


3200°K lamps. . . None 25 25° IS |) 
Photoflood lamps. No. 81 20 24° 14 FM-IA 
Daylight 2. 2. . No. 85 16 23° 13 


16 mm ‘EKTACHROME?’ ER FILM, DAYLIGHT TYPE 





Daylight . . . . None 160 | 33° 23 
Photoflood lamps. No. 80B 50 28° 18 FM-IC 
3200°K lamps... No. 80A 40 27° 17 

16 mm ‘EKTACHROME’ ER FILM, TYPE B 
3200°K lamps. . . None 125 32° 22 
Photoflood lamps. No. 81A 100 31° 21 FM-IC 
Daylight . 2... No. 85B 80 30° 20 


‘EKTACHROME?’ II MOVIE FILM FOR DAYLIGHT 


Daylight . . . . None 25 25° 15 

Photoflood lamps No. 80B 8 20° 10 

‘EKTACHROME?’ II MOVIE FILM, TYPE A 
None 40 
No. 85 


Photoflood lamps 


Daylight 25 














* These figures should be used with the Weston Master I11 meter; with all earlier models, a figure 
approximating to 4/5ths of these figures should be used. 


Safety factor with monochrome materials 


Recent years have seen significant changes in photographic materials, 
equipment, and techniques which combine to make any considerable 
safety factor an undesirable feature in a system of exposure estimation. 


3 RF-! 


The requirement of practical workers has changed and has now shifted 
to a form of speed number designed to give the lowest exposure leading 
to a print of excellent quality: this change can be attributed in particular 
to the increasing use of miniature negatives on high-acutance films, with 
which practical convenience and technical print quality alike are best 
suited by cutting exposures to a level little, if at all, above the minimum 
for excellent print quality. 


Presentation of meter settings 

In all relevant Data Sheets, the meter settings quoted for mono- 
chrome negative materials are in accordance with British Standard 
1380: Part 1:1962, and the corresponding American (ASA) and German 
(DIN) Standards. The meter settings for the reversal colour materials 
are in accordance with British Standard 1380:Part 2:1963 and the 
corresponding ASA and DIN Standards. For all other materials, 
comparable figures having an appropriate sensitometric basis are given. 
In these Data Sheets, the generally accepted arithmetical figures are 
expressed as ASA/B.S., while the obsolescent B.S. logarithmic (base 10) 
figures are retained for the benefit of those having cameras or exposure 
meters with this scaling; the logarithmic DIN figures are also given. 


Exposure meters 

The figures published by Kodak Limited are suitable for use as direct 
meter settings with exposure meters and calculators scaled in ASA/B.S. 
(arithmetical), B.S. (logarithmic), or DIN (logarithmic) speeds. The 
indicated exposure should be followed closely, unless practical experience 
with a particular meter shows any deviation to be desirable. 


Calibration of exposure meters 

On account of numerous disturbing factors—variations between indi- 
vidual meters of one pattern, inexact meter scaling, varying response with 
“ageing” of the meter, differing methods of use, climatic conditions which 
may affect adversely the behaviour of the meter, divergences in shutter 
speeds and lens transmissions, differing personal standards of negative 
exposures, etc.—it is impossible to expect any general recommendations 
to apply equally well for all cases. For critical work, they should therefore 
be confirmed by the user in practical tests with his own equipment; it is 
particularly important to confirm by practical test the recommended 
settings in the case of reversal films and especially colour films, which 
require greater exactitude in exposure. Even with the most suitable 
meter setting, meters having a wide acceptance angle are liable to give 
erroneous indications with particular subjects, owing to an unusual distri- 
bution of tones or to the fact that the meter reading may be affected 
seriously by the presence of areas of highlight or deep shadow outside 
the camera angle. Recommended settings should be tested not on a 
series of exposures of similar type, but on a diversified series of subjects. 


Exposure tables 

The tabulated exposure recommendations accompanying ‘Kodak’ films 
and plates, and those in the appropriate Data Sheets, give exposure settings 
which correspond closely to those which would be indicated by the direct 
use of an exposure meter with the appropriate meter setting. 


Kodak Data Sheet KODAK LIMITED LONDON 
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TABLES OF 
RECOMMENDED SAFELIGHTING 
FOR DARKROOM ILLUMINATION 


In the table within, the safelight recommendation for all high-speed 
panchromatic materials specifies ‘““Total Darkness’’, and this is recom- 
mended for complete freedom from safelight fog. However, except for 
‘Royal-X’ Pan Film, if indirect safelighting is customarily used for 
general room illumination then the use of a safelamp fitted with a ‘Wrat- 
ten’ Series 3 (dark green) safelight filter and a 25-watt bulb, is permissible. 


The light must not be allowed to fall directly upon the material, 
and the ceiling or reflecting surface must be at least 7 feet from the 
bench top. 


After development is half-completed, direct light from this safelamp, 
at a minimum distance of 4 feet, may be used for a few seconds. 
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‘KODAK? FILMS 


‘KODAK? PLATES 


‘KODAK’? PAPERS 


“WRATTEN’ SERIES NUMBERS OF RECOMMENDED ‘KODAK’ SAFELIGHT FILTERS 








UNIVERSAL, BEEHIVE, : : 
DARKROOM SAFELAMP PYRAMID, OR ‘KODAPAN’ | PYRAMID OR -WRATTEN’ 
Indirect lighting with Direct lighting with 
FIRE OF ALEUMINATION 25-watt bulb 25-watt bulb 





7 feet from 4 feet (3 feet with 


IMUM SAFE WORKING DI ‘ 
PANU BIANGE reflecting surface ‘Wratten’ Safelamp) 






‘Kodaline’ Standard 
‘Recordak’ Fine-Grain Print, Types 5662 and 7662 



















Process; 


Fine-Grain Positive; 0B 0B 
Cardiographic; ‘Kodagraph’ Contact & Projection; ‘Kodalith’ Contact 

Commercial Fine-Grain l l 
‘Kodalith’ Ortho, Type 3; ‘Kodalith’ LR; 

‘Kodalith’ Transparent Stripping, Type 3; IA IA 
‘Kodalith’ Royal Ortho; ‘Kodalith’ Autoscreen Ortho; ‘Kodalith’ Super Ortho 

‘Ortho-Royal’; Commercial Ortho; ‘Linagraph’ Ortho (Clear Base) 2 Not recommended 
High-Contrast Pan Movie; Recordak ‘Micro-File’ Types 5453 and 5459 3 3 








‘Panchro-Royal’; ‘Tri-X’; ‘Super-X X’; ‘Plus-X’; ‘Verichrome’ Pan; ‘Panatomic-X’; 
Quick-Finish; ‘Microdak’; Recordak ‘Micro-File’, Type CT; Linagraph Pan R.60; Total darkness (see note on front page) 
‘Kodalith’ Pan; Separation-Negative, Types | and 2; Pan Masking 








‘Royal-X’ Pan; Tri-Mask; all Colour Films Total darkness only 
All industrial, medical, and dental X-ray; Radiograph Duplicating 6BR 6B 
Infrared (35mm) 9 9 












‘Ektacolor’ Print 10H (see film instructions) 10H 



















































Phototypesetting 2 | 2 

‘Kodalith’ Duplicating; ‘Kodagraph’ Autopositive; Kodak Autopositive No safelight required 

Scientific Plates (Coded Series) See Data Sheet SE-3 

‘Kodalith’ Pan See Data Sheet PL-I5 

B.4 00 0B 

B.10; L.10; L.I5; Uniform-Gamma; Air-Survey Positive 0B 0B 

B.40; Maximum-Resolution; M-R Pre-Stripping 0B | 

Autoradiographic AR.10; Autoradiographic AR.50 I I 

‘Kodalith’ Ortho IA IA 

©.250 2 2 

©.800 2 "Not recommended 

P.25 3 i. ae = 
'p.200; P.300; P.900; P1200; P1600 = | Total darkness (see note on front page) 

IR.ER.; 1R.30 9 | 9 





‘Kodagraph’ Autopositive 40, 42, 43, and 47 


‘Kodagraph’ Contact 12, 13, 15, 18, 19, and 23; 00 00 
‘Velox’ 


No safelight required 


Bromide; Press F Bromide; Bromide Air-Mail; Bromide Foil-Card; 
Bromide High-Resolution Waterproof; ‘Royal-Bromesko’; ‘Bromesko’; 0B 0B 
‘Kodagraph’ Projection 84, 85, 88, and 89; Photogravure 





Negative Card; Phototypesetting (Improved Type) I 1 


‘Kodalith’ Translucent, TP; ‘Kodalith’ Glossy, GP; IA IA 
‘Kodalith’ Lustre, LP; Phototypesetting, Grade T 













‘Linagraph’ RP.30, RP.35 6BR 6B 
‘Linagraph’ 480 2 2 


Quick-Finish X-ray 6BR or 0B 6B or 0B 
X-ray 6BR 6B 


‘Ektacolor’; ‘Panalure’ 10H (see instruction sheets) I0H 













MATERIALS SUITABLE FOR USE WITH THE ‘KODAK’ SODIUM SAFELAMPS* 


Material With Bromide Diffusers | With ‘Velox’ Diffusers 
Films 
‘Kodagraph’ Contact Suitable Suitable 
‘Kodagraph’ Projection Suitable Not suitable 
Plates 
Air-Survey Positive; : ; 
epee tee \ Suitable Not suitable 


Papers 


Bromide; Bromide Foil-Card; 

Press F Bromide; 

Publisher Bromide; Bromide 

High-Resolution Waterproof; Suitable Not suitable 
‘Bromesko’; ‘Royal-Bromesko’; 

‘Recordak’; ‘Linagraph’ 

Direct-Print 


‘Velox’; Projection ‘Velox’ Suitable Suitable 


a 

* IMPORTANT: These lamps are designed for illuminating large rooms—not smaller than about 20 x30 
feet—with ceilings at least 10 feet high. Under these conditions, the minimum safe working distance 
must be not less than 7 feet from the lamp. 





TABLE OF SAFELIGHT FILTER COLOURS 


‘Wratten’ ‘Wratten’ 
Safelight Colour Safelight Colour 
Filter Filter 
00 Light yellow 3 Dark green 
0B Amber-yellow 6B Brown 
6BR Light brown 
I Red 
? 9 Blue-green 
1A Light red 10H Dark amber 
2 Dark red 12 Light green 





Recordak, Autoscreen, and product names quoted thus - ‘Wratten’ — are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
RF-2 


TPRF-2/xWP9/2-66 


OPTICAL FORMULAE AND 
DEPTH-OF-FIELD TABLE 





OPTICAL FORMULAE 


The following formulae form the basis for various optical calculations. 
They serve to determine focal length (f), magnification (m), lens-to- 
subject distance (u), and camera extension (v), as required. 


Focal length 
The parent formula from which all the others are derived is :— 


1 1 1 


fovou 


Two other formulae are given for determining f when either v or u is 
unknown. These are :— 








uxm F Vv 
~ m+1 i m+1 
Magnification 
Vv f v—f 
m= — m= — m= — 
u u—f f 


Lens-to-subject distance 
v f fxv 
u= — u=—4f u=> — 
m m v—f 


Camera extension 
v=uxm v = f(m+]l) v= 


DEPTH-OF-FIELD TABLE 


In the table overleaf, the criterion of sharpness is a “disk of confusion” 
having a diameter of f/1000. This criterion is defined as the size of the 
image of an infinitesimal point on the subject. It may sometimes be 
required to adopt other criteria; particularly for technical subjects, a 
higher figure may be desirable. The diameter of the disk of confusion 
is proportional to the diameter of the working aperture of the camera 
lens; therefore, the depth-of-field figures for a disk of f/1400 may be 
found by using the column containing an aperture one stop smaller than 
that chosen, and the figures for f/2000 by using an aperture two stops 
smaller. 

If a lens is to be used which has a focal length longer than the diagonal 
of the negative, or if only a portion of the negative is to be enlarged, the 
depth of field will appear to be less, and a correspondingly smaller aperture 
should be taken to derive more appropriate figures from the table. 
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This column should then be 


The table is used by selecting, in the top section, a row opposite the 
followed down into the main body of the table until its conjunction with 


focal length involved and following along this row until the correct 
the “distance focused on” where will be found the depth-of-field figures 


aperture is found (or the nearest to it). 
required. 
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SCALES FOR DETERMINING 
COPYING FACTORS 


By courtesy of R. Ll. Rees, Esq. 
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GLOSSARY OF 
COMMON PHOTOGRAPHIC TERMS 


Aberration 
Achromat 


Anaglyph 


Anastigmat 


Anhydrous 
Angstrom Unit 
(A, A.U. or A) 
Aperture 


Apochromat 
Backing 


Base 


Black-body Radiator 


Cassette 


Characteristic Curve 


Cinching 


Circle of Confusion 


Collotype 


Colour Temperature 


Defects in the performance of a lens as a result of which it 
produces an imperfect image. 


A lens which brings radiations of two chosen colours (usually 
yellow and blue-violet) to the same focus. 


A stereoscopic process in which two images are printed in 
complementary colours and viewed through spectacles having 
one lens of each colour; each eye therefore sees only a single 
image. 

A lens corrected for astigmatism (the inability to bring 
horizontal and vertical lines to a focus at the same position). 


Dry: free from water. 
A ten-millionth of a millimetre. 


The opening in the diaphragm of a lens. 


A lens which brings three chosen colours (usually red, green 
and blue) to the same focus. 


A coloured layer coated on the back of films and plates to 
minimise halation (q.v.). 


The cellulose nitrate film, cellulose acetate (safety) film, 
glass, or the paper support on which the emulsion is coated. 


A body that absorbs all the radiation that falls upon it. Its 
most important property is that it will radiate more power at 
any wavelength, and more total power, than any other body 
at the same temperature. 


Light-tight film holder. 


The curve relating the density produced in an emulsion 
under specified conditions to the logarithm of the exposure. 
Typically the curve has a curved toe (the “ under-exposed ” 
region), a straight-line portion, and a shoulder (the “ over- 
exposed ”’ region). 

Tightening a roll of film by holding the spool and pulling 
the free end. This invariably results in parallel scratches or 
abrasion marks. 


The size at the focal plane of the image of a point. Ideally 
a point source should give a point image, and the permissible 
departure from this ideal varies with the degree of enlarge- 
ment required. 


A photomechanical process in which a hardened gelatin 
image formed on a glass plate is printed with greasy ink. 


The temperature to which a black-body radiator (q.v.) must 
be raised so that its visual colour matches that of a particular 
light source. It is usually expressed in degrees Kelvin (°K). 
No colour temperature is applicable to light sources, e.g., 
fluorescent lamps, having a spectral energy distribution 
differing greatly from that of a black-body radiator; for 
tungsten lamps the colour temperature is very approximately 
50 Kelvin degrees above the actual temperature of the fila- 
ment measured in °K. 
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Contrast 


Crystalline 


Deliquescence 


Density 


Depth of Field 


Depth of Focus 


Diaphragm 


Diapositive 
Dichroic Fog 


Diffuse (adj.) 
Diopter 


Direct Positive 
Dispersion 


Edge Fog 
Efflorescence 
Emulsion 


Exposure 


Exposure Time 


Ff Numbers 


Filter 


Fixing 


RF-5 


Originally the gamma (q.v.). Now generally taken to mean 
the density range of a negative, involving additionally the 
tone scale of the subject. 


Applying to solid substances which assume a definite geomet- 
rical or crystal form; such salts may or may not be combined 
with molecules of water (water of crystallization). 


Absorption of moisture by water soluble substances which 
may finally liquefy. 


The light-absorbing power of a photographic image. The 
quantity of silver deposited in a given area. Normally 
expressed as the logarithm of the opacity (q.v.), or the 
logarithm of the reciprocal of the transmission (q.v.). 


The distance between the objects nearest to and furthest 
from the lens which, for practical purposes, are in focus at 
the same time. 


The distance through which the film or lens may be moved 
without the image becoming objectionably out of focus. 
(Often confused with Depth of Field.) 


A partition in front of or behind a single lens or in between 
the components of a multiple lens, having an adjustable 
aperture controlling the amount of light reaching the sensi- 
tive material. 


A transparency; a positive image on a transparent medium 
such as glass or film. 


A form of chemical fog in which the deposit appears red by 
transmitted light and green by reflected light. 


Light scattered by a medium. 


A measure of lens power. The reciprocal of the focal length 
of a lens in metres. 


See Reversal. 


The separation of a single ray of white light into a group of 
coloured beams by a prism, diffraction grating, etc. 


Fog due to leakage of light between the edges of a film and 
the flanges of the spool on which it is wound. 


The property of certain chemicals to lose their water of 
crystallization and to assume a dry or powder form. 


A gelatin solution or coating containing in colloidal suspen- 
sion light-sensitive silver halides. 


Exposure proper is the product of the exposure time and the 
intensity of the light. ‘The term is popularly but incorrectly 
used to mean “‘ exposure time ”’ (q.v.). 


The length of time for which the sensitive material is exposed 
to the light source—i.e., in a camera, the time for which the 
shutter is open or the lens cap is removed. 


The size of the lens aperture is expressed as a fraction of the 
focal length of the lens. If the diameter of a lens is /4°5 
then the f number is 4°5, 


Transparent material used before, behind or between the 
components of the camera lens to alter the composition of the 
effective photographic light by selective absorption. 


Removal of undeveloped silver salts from the emulsion. 


Focal Length (f) 


Fog 


S.p.s. 
Gamma (7) 


Grain 


Graininess 


H. and D. 


Halation 


Hygroscopic 
Hypersensitising 
Inertia 


Infra-red 


Irradiation 


Latent Image 


Latitude 


Luminescence 


Miniature Camera 


my. 


Opacity 


Orthochromatic 


Panchromatic 


The distance between the image of a very distant object and 
some standard point on the lens. The back focal length may 
be measured from the rear component. 


A visible silver deposit other than the desired image of the 
object. 


Frames per second. 


The slope of the straight-line portion of the characteristic 
curve (q.v.). 


The developed silver particles in the emulsion. 
grain = low graininess. 


The granular appearance of the photographic image shown 
in enlargements and dependent on both the size of the 
developed silver particles and, more particularly, their state 
of aggregation. 

The initials of Hurter and Driffield. The H. and D. 
number originally indicated the speed of a material as 
34/inertia, but figures other than 34 are now in use. 
Spreading of the image caused by light which has passed 
through the emulsion and then been reflected back by the 
support. 


The property of a liquid or solid to attract moisture from the 
air. 


Increasing the speed of a film by treatment after manufacture 
and, usually, shortly before use. 


But fine 


The exposure value at which the straight-line portion of the 
characteristic curve when produced cuts the log exposure axis. 


Invisible radiation having a wave-length longer than that of the 
red part of the spectrum, or material specially sensitized to 
such radiation. 


The scattering of light within the emulsion by inter-reflection 
between the silver halide grains. 


The invisible image which is produced by the action of light 
on a sensitive material and which can be developed to give a 
visible image. 


Correctly, the exposure range over which the characteristic 
curve is straight and over which negatives of the same 
contrast can be obtained. Popularly, the range of exposures 
over which a film will give a printable negative. 


On exposure to radiation (light, ultra-violet, X-rays, electrons, 
etc.) certain substances emit radiation, usually light. This is 
called luminescence. Broadly, there are two kinds, fluores- 
cence and phosphorescence. In fluorescence, the time 
interval between absorption and emission is very short, 
whereas in phosphorescence, the time, short though it may 
be, is longer and may extend to some hours. 


Conventionally a camera giving a negative not larger than 
2} inches square (miniature negative). 


A millionth of a millimetre, or 10A. 


The ratio of the intensity of incident light to transmitted 
light. The reciprocal of transmission. 


Sensitive to ultra-violet, blue, green and yellow radiation. 


Sensitive to ultra-violet, blue, green, yellow and red radiation. 


RF-5 


pH 


Processing 


Resolving Power 


Reticulation 


Reversal 


Safelight 


Safety Base 


Screen 
Spectrum 


Specular 


Stop 
Sub-Standard 


Substratum 


Transmission 


Ultra-violet 


‘Vectograph’ 


Variable Area 


Variable Density 
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The logarithm of the reciprocal of the hydrogen ion 
concentration of a solution. The value indicating neutrality 
is 7; an increase on this value up to a maximum of 14 
indicates increasing alkalinity, a decrease down to zero 
indicates increasing acidity. 


The treatment of the sensitized material after exposure. 


The ability to render fine detail, frequently expressed in 
terms of number of lines per mm. resolved. 


A net-like structure which is generally caused by differences 
in temperature between the processing baths, the rinsing or 
washing water. Serious reticulation shows as a roughening 
of the surface of the emulsion. Often, it appears only as a 
microscopically fine structure and the image then appears 
“grainy.” Its appearance under a low-power magnifying 
glass, however, is quite typical. 


As a process, the production of a direct positive, as by dis- 
solving the negative image without fixation, re-exposing, and 
developing to give a positive image: as an effect, the conver- 
sion of a negative image into a positive (locally or completely) 
or vice versa, under particular conditions of exposure or 
development. 


Screen or filter for controlling the illumination in which 
light-sensitive materials are handled, and therefore trans- 
mitting light to which the material is relatively insensitive. 


Cellulose acetate, which is relatively non-inflammable. 


Filter (q.v.). 


The band of colours into which light is split on passing 
through a prism. The visible spectrum covers the range 
from about 400 my (blue end) to about 700 my (red end). 


Light reflected or transmitted direct without scattering. 
Also applied to measurement made by collimated light beam. 


Aperture of camera lens. 


Cine film narrower than standard 35mm. e.g. 16mm., 
9-5 mm., 8 mm., etc. 


The layer which holds an emulsion to its base. 


The ratio of the intensity of transmitted light to incident 
light. The reciprocal of opacity. 


Invisible radiation having a wave-length shorter than that of 
the blue part of the spectrum. 


A stereoscopic photograph composed of two almost super- 
imposed images which polarise light in planes 90° apart. 
A three-dimensional image is seen when they are viewed 
through special ‘Polaroid’ spectacles. 


A motion-picture sound track in which the density of the 
silver image is constant, modulation being accomplished by 
varying the area of the track. 


A motion-picture sound track in which modulation is effected 
by variation of density. 
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FLASHBULB GUIDE NUMBERS 


GUIDE numbers are a convenient means of exposure calculation which 
involves the use of a figure varying according to both the tungsten speed 
of a particular sensitized material and the light output of a particular 
flashbulb. Each number is the product of f/number multiplied by the 
distance, in feet, between the flashbulb and the subject. This applies 
because the illumination from a flashbulb falls off approximately in 
accordance with the inverse square of its distance from the subject—over 
the usual range of working distances—while the exposure of the sensitized 
material in the camera varies inversely with the square of the {/number. 
It follows then that the f/number multiplied by the flashbulb-subject 
distance gives a constant product for a given combination of flashbulb 
and sensitized material. This may be seen from the fact that, if the 
working distance is doubled, the illumination falls to one-quarter and 
the necessary compensation for this involves the opening of the lens 
aperture to an f/number of one-half the initial value, e.g., f/8 up to f/4; 
the product, f/number multiplied by working distance, thus remaining 
unaltered. 


All these numbers apply to the use of clear flashbulbs and to the use 
of a well-designed reflector suitable for the particular flashbulb (see 
key table on page 3). If shallow, cylindrical, or fan-shaped reflectors are 
used, the guide numbers given in the tables should be halved. 


These guide numbers are suitable for use when an average subject is 
photographed in an average subject environment; it is assumed that the 
subject is of medium tone or colour and that the photographs are taken 
in a studio or large room with light-to-medium coloured walls providing 
only a moderate degree of reflected light. Ifthe subject is dark-coloured, 
the aperture should be opened by half a stop more than that calculated; 
for light-coloured subjects the aperture should be closed by half a stop. 
If the surroundings provide little or no reflected light, as in a large hall 
or studio, or out of doors, the aperture should be opened by one stop. 
Conversely, for those subjects on to which a great deal of light is reflected, 
as in small rooms with walls of light tone, the aperture should be closed 
by one stop. These corrections may be combined, if necessary. 


The guide numbers are calculated for conditions of frontal illumination, 
with flashbulb, camera and subject substantially in line. When the 
flashbulb is used at an angle to the camera-subject axis for the purpose 
of obtaining an improved technical quality, e.g., a better rendering of 
texture, a corresponding increase in lens aperture may be required. 


In the tables overleaf, guide numbers are given only for clear flashbulbs ; 
information on the use of blue flashbulbs with ‘Kodak’ colour films will 
be found in the Data Sheets on particular films (see FM Contents Sheet). 


In order to use the tables it is necessary only to find the guide number 
for a particular combination of flashbulb and sensitized material, and to 
divide it by the selected flashbulb-subject distance (in feet), to obtain 
the recommended f/number. But if it is required to use a particular 
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f/number then this may be divided into the guide number to obtain the 
recommended flashbulb-subject distance (in feet). 

The guide numbers serve as a guide to the correct exposure under the 
conditions outlined, but should be used only as a basis for practical trial. 


MONOCHROME 
sen FLASHBULB-REFLECTOR COMBINATION* 
SENSITIZED eee. 
MATERIAL 


Open flash and up to 


i 1/30th sec 40 50 64 80 140 180 _ _— 
Commercial Ortho | i /soth or 1/60th sec | 36¢ | 45¢| set | 72t| 125¢| — | 50 | 72 
1/100th or 1/125th sec | 32¢ | 40¢ | SOt |] 64¢ | 11OF |] — 36 50 
1/200th or 1/250th sec | 25¢ | 32¢ | 40t | SOt |] 90F} — 25 36 
Open flash and up to 
‘Panatomic-X’ Roll and 1/30th sec 64 80 100 125 220 280 — _ 
Miniature Films 1/50th or 1/60th sec 5ét | 72t | 90¢ | 110t | 200¢ | — 80 110 
P.300 Plate 1/100th or 1/125th sec | S5Ot | 64¢ | 80t | 100t | 180¢ | — 56 80 
1/200th or 1/250th sec | 40¢ | SOt | 64¢ | 8OF | 140F | — 56 
Open flash and up to 
‘Verichrome’ Pan Roll 1/30th sec 110 140 180 220 400 500 — — 
ilm 1/50th or |/60th sec 100+ | 125¢ | 160¢ | 200¢ | 360¢ | — 140 | 200 
0.800 Plate 1/100th or 1/125th sec | 90t | 110¢ | 140 | 180F | 320¢ | — 100 140 
1/200th or 1/250th sec | 72+ | 9Ot | 110¢ | 140¢ | 250t | — 72 100 
OE oecr ibaa 125 160 | 200 | 250 | 450 | 560 
‘ x th sec 6 — _— 
Fee elisitece Fit 1/50th or 1/60th sec (10¢ | 140¢ | 180¢ | 220¢ | 400¢ | — 160 | 220 
1/100th or 1/125th sec | 100¢ | 125¢ | 160 | 200¢ | 360 | — 110 160 
1/200th or 1/250th sec | 80t | 100+ | 125¢ | 160¢ | 2804 | — 80 110 
Open flash and up to 
1/30th sec 140 180 | 220 | 280 | 500 | 650 _— _— 
‘Super-XX’ Sheet Film | 1/50th or |/60th sec 125¢ | 160¢ | 200+ | 250+ | 450¢ | — 180 | 250 
1/100th or 1/125th sec | 110¢ | 140¢ | 180t | 220¢ | 400; | — 125 180 
1/200th or 1/250th sec | 90t | I10¢ | 140¢ | 180¢ | 320¢ | — 90 125 
Open flash and up to 
1/30th sec 160 | 200 | 250 | 320 | 560 | 720 _ _ 
‘Ortho-Royal’ Sheet 1/50th or 1/60th sec 140¢ | 180+ | 220¢ | 280+ | 500+ — 200 280 
Film 1/100th or 1/125th sec | 125+ | 160¢ | 200+ | 250+ | 450+ | — 140 | 200 
1/200th or 1/250th sec | 100¢ | 125¢ | 160 | 200+ | 360¢ | — 100 140 
‘Panchro-Royal’ Sheet 
ilm Open flash and up to 
‘Tri-X’ Pan Roll, Pro- 1/30th sec 200 | 250 | 320 | 400 | 720 | 900 _— _ 
fessional Roll, and 1/50th or 1/60th sec 180+ | 220+ | 280t | 360+ | 650+ _ 250 360 
Miniature Films 1/100th or 1/125th sec | 160¢ | 200¢ | 250t | 320+ | S60t | — 180 | 250 
P.1200 and P.1600 1/200th or 1/250th sec | 125¢ | 160¢ | 200¢ | 2507 | 450+ | — 125 180 


Plates 


* For details of the combinations of flashbulb and reflector, see key table at foot of page 3. 





+ With M-synchronization. 
NOTE: Guide numbers for ‘Royal-X’ Pan Sheet and Roll Films are given in Data Sheets FM-44 and FM-S5O, 


respectively. 
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COLOUR 





FLASHBULB-REFLECTOR COMBINATION* 


‘KODAK’ 
SENSITIZED se 
MATERIAL 

6 7 8 

‘Kodachrome’ II Film, | Open flash and up to 
Type A, with a 1/30th sec 180 _— _— 
Kodak ‘Wratten’ 1/50th or 1/60th sec _— 50 72 
Filter No. 81C 1/100th or 1/125th sec = 36 50 
1/200th or 1/250th sec _ 25 36 

Open flash and up to 
‘Ektachrome’ Film, 1/30th sec 200 — — 
Type F (Process E-2), | 1/50th or 1/60th sec _ 56 80 
with no filter 1/100th or 1/125th sec _— 40 56 
1/200th or 1/250th sec _ 28 40 

‘Ektachrome’ Film, Open flash and up to 
Type B (Process 1/30th sec 220 _— _— 
E-3), with a Kodak 1/50th or 1/60th sec _ 64 90 
‘Wratten’ Filter 1/100th or 1/125th sec _ 45 64 
No. 81C 1/200th or 1/250th sec — 32 45 

Orso: and up to 560 

‘ + Bi ‘ th sec — — 
Recaco or Film with) i spevar We0dh see — | 72 | 100 
1/100th or 1/125th sec _ 50 72 
1/200th or 1/250th sec — 36 50 

High-Speed ‘Ekta- Open flash and up to 
chrome’ Film, Type 1/30th sec 400 _— _ 
B, with a Kodak 1/50th or 1/60th sec _— 110 160 
‘Wratten’ Filter 1/100th or 1/125th sec — 80 110 
No. 81C 1/200th or 1/250th sec _ 56 80 


* For details of the combinations of flashbulb and reflector, see key table below. 
+ With M-synchronization 


NOTE: Information on the use of blue flashbulbs with ‘Kodak’ colour films will be found in the Data Sheets 
on particular films (see FM Contents Sheet). 





KEY TO FLASHBULB-REFLECTOR COMBINATIONS 


Number Flashbulb and Class Type of Reflector 

Class M 

1 No. |, PF.1, or Type | *2-inch diameter, polished 

2 No.1, PF.I, or Type | *4-inch diameter, satin-finish 

3 AG. ene ek *2-inch diameter, polished 

4 No. 5, PF.5, or Type 5 4 to 5-inch diameter, satin-finish 

5 No. 22 or PF.60 . . 6 to 7-inch diameter, satin-finish 
Class $ 

6 PF.100 . 6 to 7-inch diameter, satin-finish 
Class FP 

7 PR24 er 2k ON ep ee ee CY 4 to 5-inch diameter, satin-finish 

8 PEAS -<c5 Ye at, Se ae FS ees AS 6 to 7-inch diameter, satin-finish 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the tables should be 
halved. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used with 
X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 

Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchroni- 
zation or F-synchronization at shutter speeds of 1/I5th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane shutters. 
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THE DIMENSIONAL STABILITY 
OF PHOTOGRAPHIC FILM 


THis subject concerns many of those who use photographic film, particu- 
larly in the reproduction of drawings and plans, in topography and 
photogrammetry, in colour-separation work, in many photomechanical 
applications, and in all photographic techniques where the retention of 
size is important. 

Photographic film comprises a plastic base coated with a light-sensitive 
emulsion. This emulsion is normally a suspension of silver halides in 
gelatine, and the film is, therefore, a laminate of two chemically different 
materials, each of which is affected differently by environment and age. 
Consequently, the dimensional behaviour of film is extremely complex; 
for consideration in this Data Sheet the subject is sub-divided thus :— 


TEMPORARY OR REVERSIBLE DIMENSIONAL CHANGES 
(a) Humidity effects. (b) Thermal effects. 


PERMANENT OR IRREVERSIBLE DIMENSIONAL CHANGES 
(a) Processing effects. (b) Ageing shrinkage. 


The magnitude of each of these types of dimensional change in a given 
film depends on the chemical composition and thickness of the base and 
emulsion, and on the treatment received during manufacture and subse- 
quent storage. There are also complex phenomena, such as hysteresis 
and elastic memory, which account for small dimensional changes. 


TEMPORARY OR REVERSIBLE DIMENSIONAL CHANGES 

The reversible changes of size are more likely to be caused by humidity 
than by temperature. This is partly because of the magnitude of the 
co-efficients involved, and partly because the relative humidity of most 
laboratories and workrooms is more apt to vary than the temperature. 


Humidity effects 

Humidity expansion or contraction of film is caused by a gain or loss 
of moisture from the air with which it is in contact, and the magnitude 
of the change depends on the chemical nature of the film. For any given 
film it is the relative humidity of the ambient air, and not its absolute 
humidity, which determines its moisture content and its corresponding 
size. After a change in the relative humidity of the air, the dimensions 
of a sheet of film exposed to it will change gradually for about one hour 
until equilibrium is re-established. 


Thermal effects 

Film, in common with many other materials, expands or contracts at 
different temperatures; such thermal size changes occur rapidly, some- 
times in a minute or two. Frequently, an increase in air temperature is 
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accompanied by a decrease in relative humidity, or vice versa, so that 
these two effects may partially cancel one another. Under other condi- 
tions, however, they may be additive. 


PERMANENT OR IRREVERSIBLE DIMENSIONAL CHANGES 


Processing effects 


Film swells during processing and contracts again during drying. If 
the film, after processing and drying, is brought to equilibrium with the 
same relative humidity and temperature as existed before processing, a 
small net change can generally be found. If the film is not brought back 
to the same conditions, the apparent processing shrinkage may be increased 
by humidity contraction and increase in temperature, or reduced by 
humidity expansion and decrease in temperature, sometimes to a small 
swell. 


Ageing shrinkage 

Permanent shrinkage during the storage period prior to exposure is 
generally very low and is unimportant because no image has yet been 
recorded on the film. At all times after exposure, however, film continues 
to shrink at a rate which in time gradually decreases under any given 
storage conditions. Where film is used within a week or two after 
exposure, shrinkage caused by the various ageing effects is of little practical 
consequence, unless the storage conditions are extreme. 

The first of the ageing effects is the change brought about by the 
gradual loss from the base of solvents and plasticizers used in its manu- 
facture. Another of the effects is the plastic flow of the base caused by 
contraction of the emulsion; this can vary greatly with different emulsion 
composition. The last of the three major ageing effects is the release of 
mechanical stresses and strains introduced originally during the manu- 
facture of the base. 

Over long periods of time the amount of shrinkage must depend on 
the composition of the film, but storage conditions have certain effects 
and recommendations are given below for the minimizing of shrinkage. 
Heat is known to accelerate all three of the effects listed in the previous 
paragraph, so that elevated temperatures should be avoided. 

Both extremes of relative humidity may accelerate permanent film 
shrinkage. Low relative humidities cause a greater contraction of the 
emulsion, and this, in turn, induces a greater degree of plastic flow in the 
base. Conversely, high relative humidities facilitate the escape of any 
residual solvents and plasticizers. 


RECOMMENDATIONS TO MINIMIZE SIZE CHANGES 


Where the user of film cannot prevent large variations in atmosphere 
conditions, size changes can be greatly minimized by attention to handling 
details. ‘Kodak’ films are in equilibrium with air at approximately 45 
per cent. relative humidity at the time of packing. However, some change 
in the moisture content of the unexposed film may occur, depending on 
the storage conditions, and it is unlikely that the film will be in equilibrium 
with the air in the workroom. Where the utmost in dimensional stability 
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is required, the film, before exposure, should be conditioned to the air 
of the workroom by hanging up individual sheets of film, in the dark, for 
approximately one hour. Gentle circulation of the air is beneficial. Then, 
if the film is reconditioned in the same atmosphere after exposure and 
processing, the dimensional changes caused by changing humidity will 
be reduced. 

In colour work a moderate degree of dimensional change is often per- 
missible provided that all the colour separations change by exactly the 
same amount. In such cases, it is important that each sheet of film be 
treated in exactly the same manner from the moment the original package 
is opened. It is desirable for the conditions in the workroom to be 
similar to those in the storage room. If the relative humidity of the 
workroom is either low or high, the films should each be conditioned to 
room air, before exposure, as described in the previous paragraph. 

The provision of a properly controlled air-conditioning system is highly 
recommended. A temperature of 65°-75° F. (18°-24° C.) and a relative 
humidity of 40-50 per cent. are most satisfactory. Too low a humidity 
should be avoided as it increases the possibility of static. If the film 
becomes electrified, dust will adhere, and spots will appear on the film 
after exposure and development. Too high a humidity (more than 60 
per cent.) is to be avoided because of the danger of mould growth, and 
other moisture defects, as well as the promotion of higher shrinkage. 
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UNDERWATER PHOTOGRAPHY 


THE rapid growth of underwater swimming as a popular sport has led to 
a parallel development of underwater photography, not only for pictorial 
and record work but also as a valuable tool in the fields of marine biology 
and underwater surveying. A number of difficulties arise when a camera 
is taken underwater, and the purpose of this Data Sheet is to provide a 
starting point for photographers faced with the necessity of working 
underwater. 


THE PROPERTIES OF WATER 
Pressure 

The pressure underwater increases by one atmosphere (14°7 pounds 
per square inch or approximately 1 kilogramme per square centimetre) 
for every 33 feet (10 metres) of depth. From this it can be seen that the 
camera must be in a case which is not only watertight but also strong 
enough to withstand considerable external pressure. Cases can be 
pressurised to counteract this effect, but for normal cameras they can be 
designed to operate unpressurised down to 200 feet (60 metres) without 
being too heavy or bulky. 


Refractive index 

Water has a refractive index of about 1°33. This causes objects to 
appear one third larger and nearer than they really are, both to the eye 
and to the camera, as shown in the diagram below. 


APPARENT POSITION REAL OBJECT 





The camera must, therefore, be focused on the apparent distance (A) of 
the subject, or if distances are measured with a rule, the focusing scale 
of the camera must be set to three-quarters of the real distance (B). 


Visibility 

The fact that water is frequently not very clear makes it necessary to 
approach as close as possible to the subject. This can be aided by the 
use of a wide-angle lens. Normal and telephoto lenses have their appli- 
cations, however, for photographing small specimens in very clear water. 
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Colour 

Colour photography underwater is complicated by the fact that water 
is coloured. The absorption of the red component of white light increases 
rapidly with depth, and this imparts a cyan colour to unfiltered reversal 
colour photographs; this is not necessarily objectionable, and in fact 
conveys an “‘underwater atmosphere” to the shots. 


COLOUR FILMS 
Reversal 

For photographs in which the colours of the subject must be correct, 
such as biological or geological specimens, the colour of the light must 
be corrected. This is achieved in shallow water by means of ‘Kodak’ 
Colour-Compensating red (R) filters at the rate of 4 CC units per foot 
(per 0-3 metre) of light path (depth+camera-subject distance). For 
instance, with a subject 5 feet deep at a distance of 5 feet from the camera, 
the number of units required to give the necessary correction is (5-+-5) x 
4=40. In this case the filter to use is the CC 40R. Below approxi- 
mately 20 feet (6 metres) the density of the filters required makes the 
use of flash a more practicable proposition when correct colour rendering 
is necessary. 


Colour-negative 

At first sight it may appear that anything that is true for reversal films 
will also apply to colour-negative films. This is true if the negatives are 
not to be printed on automatic colour printers or the ‘Kodak’ Colour 
Enlarger. These work on the principle that all scenes integrate to a 
neutral grey, and negatives are automatically corrected to yield a print 
with equal amounts of the three dyes—yellow, magenta, and cyan. If an 
underwater negative, which has not had the full CC filter correction 
described previously, is printed using one of these machines, the print 
will have cyan highlights and red shadows owing to the severe under- 
exposure of the red-sensitive layer. This can be avoided if the printing 
is done in a normal enlarger, by adjusting the filter pack so that the 
shadows are reproduced as black with the minimum of cyan filtration. 


DESIGN OF CAMERA CASE 

The underwater camera case must be strong enough to withstand the 
pressure. Most commercial cases are made from aluminium alloy cast- 
ings or Perspex plastics. The corrosive effect of sea water must also be 
considered. Stainless steel, brass, and certain special aluminium alloys 
are suitable provided that care is taken not to have two dissimilar metals 
in contact. This can give rise to electrolytic corrosion of metals which 
are normally resistant to the effects of salt water. 
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Control rods can easily be sealed by means of O-rings which give 
excellent freedom of movement, even when under pressure. A typical 
control-rod seal for a Perspex case is shown in the diagram below. 





External controls should be large and easily gripped, even when the 
operator is wearing gloves. Also, owing to the fact that delicate move- 
ments are difficult underwater, strong end stops should be fitted to all 
controls to avoid damaging the camera. 

The normal camera viewfinder is useless underwater, even in a trans- 
parent Perspex case, because the eye cannot be placed close enough to 
the eyepiece. A large robust frame finder is recommended, and its 
dimensions can be determined by the method illustrated. Since the eye 
cannot be placed close to the backsight, the centre of the foresight should 
be defined by a cross which can be lined up with the backsight. 


WIDTH OF FORESIGHT FRAME aes 


NORMAL VIEW THROUGH ‘6 
CAMERA VIEWFINDER ->~L 





FLASH UNITS 


The usual method of arranging flash units for underwater cameras is 
to incorporate the battery-capacitor circuit and the camera connections 
inside the case, with only the two wires leading to the flashbulb being 
brought through the case. The bulb and flash-head can be exposed to 
the water without affecting efficiency. A suitable circuit is shown below. 







—__e 
EXPOSED 
TO SEA 













CENTRE OF 
CO-AXIAL PLUG 


TO CAMERA SYNCH. TO BULB 


OUTER RING OF 
CO-AXIAL PLUG 


LZ 


With a metal camera case only one wire needs to be taken through the 
case, the return path being through the metal. This one wire must, 
however, be insulated from the case and must be watertight. 

Except in very clear water, the flash should be as far as practicable 
from the camera, at least 2 feet (0°6 metre), to minimise the glare caused 
by the flash lighting up the plankton and sediment close to the camera. 


TECHNIQUE 


The technique employed for underwater photography is completely 
different from that of normal photography. Both the diver and the 
camera will be virtually weightless underwater. While this is a very 
pleasant state for the diver, it does introduce problems of stability of 
the camera. A good strong frame finder is a great help in this respect; 
it can be braced firmly against the mask, greatly reducing the risk of 
camera shake. The majority of photographs will probably be taken on 
the bottom, and it is therefore an advantage to take down 3 or 4 pounds 
(about 1-5 kilogrammes) more weight than that required for neutral 
buoyancy. Also, as much of the weight as possible should be carried 
near the front of the diver’s belt; this increases stability both when 
travelling horizontally and also when sitting on the bottom. 
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Exposure 

Exposure underwater can be determined by means of a normal exposure 
meter in a special case, in a preserving jar, or inside the camera case if 
there is room and sufficient visibility, as with a Perspex case. Incident- 
light measurements tend to be unreliable, and the normal reflected-light 
technique should be used. 

In clear British waters (visibility 20-40 feet; 6-12 metres), the following 
table of apertures can be used as a guide for both colour and black-and- 
white films rated at 50 B.S./ASA (arithmetical), 28° B.S. (logarithmic), 
or 18 DIN (logarithmic), with a shutter speed of 1/60th second. 





















Over Average and in | Over Dark Rock 


Depth Light Sand Open Water or Weed 

Down to 2 feet (0°6 metre) f/8 
5 feet (1-5 metres) f/5°6 

10 feet (3 metres) f/4 
20 feet (6 metres) f/2-8 

40 feet (12 metres) f/2 


80 feet (24 metres) 






Flash 


When using black-and-white film, the flash technique is fairly straight- 
forward, except that the light is strongly absorbed and flash guide numbers 
have to be reduced accordingly. In exceptionally clear water, guide 
numbers should be divided by 2, and in less clear water the numbers 
should be reduced according to the table below. 







Factor by which the Guide Number 


Visibility should be divided 





Greater than 40 feet (12 metres) 
20-40 feet (6-12 metres) 
10-20 feet (3-6 metres) 

5-10 feet (1-5-3 metres) 


UbhWN 






The same principles apply to colour film except that there is the usual 
problem of colour correction. 

10 feet (3 metres) of water plus a CC 20M filter is about the same 
colour as the blue coating on flashbulbs. So with daylight-type film a 
CC 20M filter and clear flashbulbs, colour rendering will be approximately 
correct at a distance of 5 feet (1-5 metres) (the light travels from the flash 
to the subject and back again, a total distance of 10 feet—3 metres). 
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At distances closer than 5 feet (1°5 metres), blue flashbulbs and the 
appropriate CC red filter—4 CC units per foot (per 0°3 metre) of total 
light path—must be used for complete colour correction. At more than 
5 feet (1°5 metres), clear bulbs and red filters can be used. 


When clear bulbs are used, the guide numbers should be calculated on 
the basis of the equivalent blue flashbulb using the visibility factors 
above. 


For example, High-Speed ‘Ektachrome’ Film used with a PF.1B 
flashbulb has a guide number of 100 at 1/250th second. With a visibility of 
15 feet (4:5 metres), this guide number must be divided by 4, giving an 
effective guide number of 25; with the subject at a distance of 24 feet (0°75 
metre), an aperture of f/10 is indicated. However, this aperture must be 
varied according to the filter to be used. In this case it is the CC 20R— 
total light path of 5 feet (1°5 metres) multiplied by 4, as shown on page 
2—which necessitates an exposure increase of } stop (see Data Sheet 
CL-3), giving an aperture of about //9. 


Cine 

Most of the foregoing principles apply equally to cinematography. 
Underwater floodlighting is possible but the equipment is bulky and of 
short range. Some success has, however, been achieved using batteries 
of sodium lamps for black-and-white work. 


When filming underwater, it is particularly important to keep the 
camera as steady as possible. For subjects requiring no movement of 
the camera a tripod can be useful. The camera-tripod assembly should 
be negatively buoyant by a few pounds, as should the diver. Technique 
in this case is similar to that used on land. For tracking and mid-water 
shots the equipment and diver should be neutrally buoyant. It is a help 
to have the camera case fitted with wings to stabilise it, and in general it 
is essential to keep the case firmly braced against the mask and to make 
all movements as smoothly as possible. 


Another point is that shots should be longer than the equivalent surface 
shot. An audience takes a little time to get orientated to an underwater 
scene, and whereas a quick glimpse is adequate with familiar surface 
scenes, a similar technique in an underwater film results in a confused 
impression. 15 seconds should be regarded as a minimum except for 
very obvious and clear subjects. 


For shallow-water work in colour, CC filters can be used for accurate 
colour rendering. However, for non-technical films the cyan cast pro- 
duced by the water may be considered an advantage in creating the 
underwater effect. 
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AUTOMATIC CAMERAS 

Fully automatic cine and still cameras, in which the exposure is set by 
direct or servo control from a photo-electric cell, are very suitable for 
use underwater. With colour film, exposure correction for depth will 
be automatic if the same filter is used over the camera photocell as is 
used over the camera lens. 

The automatic control is especially valuable underwater because the 
camera is always ready for action. The use of automatic exposure- 
controlled cine cameras makes possible impressive tracking shots in 
locations such as caves and wrecks where the light intensity varies from 
place to place. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
EKTACHROME 


Kodak Data Sheet KODAK LIMITED LONDON 
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TPGN-I2/aWP10362 


TABLES OF 
RECOMMENDED SAFELIGHTING 
FOR DARKROOM ILLUMINATION 


In the table within, the safelight recommendation for most panchromatic 
films and plates specifies ‘““Total Darkness”, and this is recommended 
for complete freedom from safelight fog. However, except for ‘Royal-X’ 
Pan Film, if indirect safelighting is customarily used for general room 
illumination then the use of a safelamp fitted with a ‘Wratten’ Series 3 
(dark green) safelight filter and a 25-watt bulb, is permissible. 


The light must not be allowed to fall directly upon the material, 
and the ceiling or reflecting surface must be at least 7 feet from the 
bench top. 
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“WRATTEN’ SERIES NUMBERS OF RECOMMENDED ‘KODAK’ SAFELIGHT FILTERS 





UNIVERSAL, BEEHIVE, 
DARKROOM SAFELAMP UNIVERSAL OR BEEHIVE OR WRATTEN’ 


Indirect lighting with Direct lighting with 
TPE (OF [ELUMINATION 25-watt bulb 25-watt bulb 


7 feet from 4 feet (3 feet with 
MINIMUM SAFE WORKING DISTANCE reflecting surface* ‘Wratten’ Safelamp) 
‘Kodalith’ Duplicating; ‘Kodagraph’ Autopositive EA4; Kodak ‘Autopositive’ No safelight required 


‘Kodaline’ Standard KS5 00 0B 


Process; ‘Recordak’ Fine-Grain Print, Types 5662 and 7662; 
Fine-Grain Positive; Fast Dental X-ray; 0B 0B 
Cardiographic; ‘Kodagraph’ Contact EC4 & Projection EP4; ‘Kodalith’ Contact 


Commercial Fine-Grain; Phototypesetting; Gravure Positive l I 


‘Kodalith’ Ortho, Type 3; ‘Kodalith’ LR; 
‘Kodalith’ Transparent Stripping, Type 3; ‘Kodalith’ Duplicating; IA IA 
‘Kodalith’ Royal Ortho; ‘Kodalith’ Autoscreen Ortho; ‘Kodalith’ Super Ortho 


‘Tri-X’ Ortho; Commercial Ortho; ‘Linagraph’ Ortho (Clear Base) 2 2 
High-Contrast Negative, Type 7457; Recordak ‘Micro-File’, Types 5669 and 5459 3 3 


‘Panchro-Royal’; ‘Tri-X’ Pan; ‘Plus-X’ Pan; ‘Verichrome’ Pan; 
‘Panatomic-X’; Quick-Finish; ‘Microdak’; Recordak ‘Micro-File’, Type CT; 
Linagraph Pan R.60; ‘Kodalith’ Pan; Separation-Negative, Types | and 2; Pan Masking; Total darkness (see note on front page) 
16mm ‘4-X’ Negative, Type 7224, ‘Plus-X’ Negative, Type 7231, 
‘Tri-X’ Reversal, Type 7278, ‘Plus-X’ Reversal, Type 7276 


“a 
= 
= 
it 
“ 
<q 
a 
0 
z 





‘Royal-X’ Pan; Tri-Mask; all Colour Films Total darkness only 
All industrial and medical X-ray; Radiograph Duplicating; Radiation Monitoring 6BR 6B 7 
Infrared (35mm) fC .- = e > 24 9 
‘Ektacolor’ Print 10H (see film instructions) 10H 
Scientific Plates (Coded Series) See Data Sheet SE-3 

9 ‘Kodalith’ Pan See Data Sheet PL-I5 

= B.4 00 oB 

q B.10; L.10; L.15; Uniform-Gamma; Air-Survey Positive 0B 0B 

Q. | 8.40; Maximum-Resolution; High Resolution; M-R Pre-Stripping OB! I 

a Autoradiographic AR.10; Autoradiographic AR.50 ! | 

= ‘Kodalith’ Ortho IA 1A 

< O.250; 0.800 2 

re) P.25 3 

% P.200; P.300; P.900; P.1200; P.1600 Total darkness (see note on front page) 
IR.ER.; 1R.30 9 | 9 
‘Kodagraph’ Autopositive A40, A40G, A42, AQI, AQ3, ATQI; 
‘Kodagraph’ Contact SCQ3; ‘Kodagraph’ Projection SP.53; No safelight required 
‘Linagraph’ RP.12 and Direct Print 

9 ‘Kodagraph’ Contact C13, C15, CWTI9, RC23; ‘Velox’ — O. 00 

Wi Bromide; Press F Bromide; Bromide Air-Mail; Bromide Foil-Card; " 

Qs | ‘Kodagraph’ Projection P75, Ped, Pl, PQS, PRES; Photogravure; oP 

¢ ‘Ektamatic’ Projection 

Gn Negative Card; Phototypesetting (Improved Type); ! I 

a ‘Ektamatic’ Photomechanical, Grade S 

= ‘Kodalith’ Translucent; ‘Kodalith’ Glossy, GP; IA IA 

¢ ‘Kodalith’ Lustre, LP; ‘Ektamatic’ Photomechanical, Grade T 

a ‘Linagraph’ 480 2 2 

g ‘Linagraph’ RP.30 6BR 6B 

° Quick-Finish X-ray 6BR or 0B 6B or 0B 
X-ray 6BR 6B 
‘Ektacolor’ 20 and Commercial; ‘Panalure’ 10H (see instruction sheets) 10H 


* This minimum does not need to be strictly observed when the same safelight filter is recommended for direct lighting. 


MATERIALS SUITABLE FOR USE WITH THE ‘KODAK’ SODIUM SAFELAMPS* 


Material With Bromide Diffusers | With ‘Velox’ Diffusers 
Films 
‘Kodagraph’ Contact Suitable Suitable 
‘Kodagraph’ Projection Suitable Not suitable 
Plates 
Air-Survey Positive; : ’ 
L.10 and L.15 Projector Slide } SuLEAPIS Meg sumeabis 


Papers 


Bromide; Bromide Foil-Card; 

Press F Bromide; 

Publisher Bromide; Bromide 

High-Resolution Waterproof; Suitable Not suitable 
‘Bromesko’; ‘Royal-Bromesko’; 

‘Recordak’; ‘Linagraph’ Direct-Print; 

‘Kodagraph’ Projection 

P75, P84, PQI, PQ4, PRQ5 


‘Kodagraph’ Contact C13, 
CI5, CWTI9, RC23 


‘Velox’; Projection ‘Velox’; 
Suitable Suitable 





* IMPORTANT: These lamps are designed for illuminating large rooms—not smaller than about 20 x 30 
feet—with ceilings at least 10 feet high. Under these conditions, the minimum safe working distance 
must be not less than 7 feet from the lamp. 





TABLE OF SAFELIGHT FILTER COLOURS 












‘Wratten’ ‘Wratten’ 
Safelight Colour Safelight Colour 
Filter Filter 
00 Light yellow 3 Dark green 
0B Amber-yellow 6B Brown 
6BR Light brown 
| Red 
; 9 Blue-green 

1A Light red 10H Dark amber 
2 Dark red 12 Light green 


Recordak, Autoscreen, and product names quoted thus - ‘Wratten’ — are trade marks 
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FLASH PHOTOGRAPHY 





THE constant use of flash for subjects where low-level lighting conditions 
prevail or where the recording of high-speed action is essential, has 
brought about a simplification of flash exposure recommendations and 
of the use of flash equipment. However, it is still necessary to give some 
attention to the methods of exposure calculations so that correct exposure 
can consistently be achieved. The types of flash sources that are dealt 
with here are the expendable flashbulb and the electronic flash. 


EXPOSURE 


With any type of flash source and flash holder, the most important 
thing affecting exposure is the distance from the flash source to the 
subject. The other important factors which will affect correct exposure 
are: 


| Size and light output of the flash source. 

2 Size, shape, and surface-finish of the reflector. 
3 Speed of the sensitized material in use. 

4 Shutter speed. 


In practice, the product of the lens aperture and flash-to-subject distance 
is expressed as a guide number which can conveniently be used to calculate 
the correct exposure (guide numbers for appropriate Kodak sensitized 
materials are given in their respective Data Sheets). If all other factors 
remain constant, then the guide number may be used to calculate the 
flash-to-subject distance by dividing it by the lens aperture required. 
Conversely, the flash-to-subject distance may be used to calculate what 
aperture will be required. Further though slightly less important 
factors which must be considered are the type of surroundings and the 
type of subject. Guide numbers are usually expressed for “average” 
subjects of medium tone or colour taken in a studio or large room with 
light-to-medium coloured walls which reflect only a moderate proportion 
of light on to the subject. Further exposure allowance can be provided. 
For example, if the subject is darker than average in colour, the general 
recommendation is that the aperture should be opened by half a stop 
more than that calculated; for lighter than average coloured subjects the 
aperture may be closed by half a stop. Still further exposure allowance 
will be necessary if the surroundings reflect little or no light on to the 
subject, as in a large hall or dark studio, or out of doors, when the aperture 
may need to be opened by up to two stops. Conversely, for those sur- 
roundings which reflect a great deal of light, as in small rooms with walls 
of light tone, the aperture may be closed by one stop. Of course, these 
“subject” and “surrounding” corrections may be combined, if necessary. 


It should not be assumed that any guide number that is published will 
be applicable to all shutter speeds. The “basic” guide number is the 
open-flash guide number, at which the full amount of light emitted by 
the flashbulb can be utilized. Guide numbers quoted for shutter speeds 
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of 1/25th or 1/30th of a second are effectively open-flash guide numbers, 
and will be quite different from those which should be used at much 
higher shutter speeds during which a smaller proportion of the total 
light can be utilized—assuming that the same flash source is used in both 
cases. The solution is to use the correct shutter synchronization with 
the appropriate type of bulb. The various flashbulb classifications are 
given on page 5. 


Synchronization 


The two types of camera shutter which are currently used are the 
diaphragm and the focal-plane. To utilize the full flash emission with 
a diaphragm shutter, it is necessary for the synchronizing device to 
arrange that the peak of the flash coincides with the period during which 
the shutter blades are in the fully open position. Expressed in time, the 
average diaphragm shutter takes from approximately 2 to 5 milliseconds 
to open fully from the instant it starts to move, and approximately the 
same time to close. This does not take into consideration the small 
delay which exists between the moment that the shutter release is operated 
and the shutter blades start to move. The length of time during which 
the shutter is in the fully open position will, of course, vary with the 
shutter speed selected. The two classes of synchronization commonly 
used are: 


X-Synchronization: No delay period. Electrical contact is made when 
the shutter blades are in the fully open position. 


M-Synchronization: With this type of synchronization there is a delay, 
after electrical contact has been made, of 16-17 milliseconds before the 
shutter blades are in the fully open position. The necessary delay is 
usually brought about by some mechanical means. 


The synchronization of focal-plane shutters differs somewhat from 
the above, and also produces special problems. It is important to ensure 
that the duration of the flash will coincide with the period of travel of 
the shutter blind. Special flash bulbs, having a relatively long flash 
duration and less of a “‘peak”’ than other types, are manufactured for use 
with focal-plane shutters, and these provide a full, even, flash exposure 
over the total picture area. Any flash source, including electronic flash, 
may be used with focal-plane shutters if the “open-flash” setting is used. 


Filters 


Flash photography provides an ideal and reproducible standard illumi- 
nation when using colour film. However, certain colour films require 
the use of a correcting filter of an appropriate colour. The following 
table indicates the type of filter that should be used with these colour 
films and flashbulbs. 
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“WRATTEN’ FILTER 





KODAK FILM 
Blue Bulbs Clear Bulbs 
‘Kodachrome’ II 
Daylight Type ROR Or eet 
‘Kodachrome’ II 
Type A 85 8IC 


‘Kodachrome-X’ 
‘Ektachrome-X’ 


_ 80D* or 80C+ 
‘Kodacolor-X’ 


High-Speed ‘Ektachrome’ 


Daylight Type = 80D* or 80Ct 


High-Speed ‘Ektachrome’ 


Type B 858 BIC 


“‘Ektachrome’ E-3 
Daylight Type — 80D* or 80Ct 


‘Ektachrome’ E-3 


Type B 85B 8IC 





* For use with AG.I, PF.I, No. I, and PF.5 flashbulbs. 
t For use with PF.24, PF.38, PF.45, PF.60, and PF.100 flashbulbs. 


Some electronic flash units can produce transparencies which are 
rather too blue, even on daylight-balanced colour films. In this case the 
use of a Wratten No. 81A filter will help to improve the overall colour 
balance. 


Reflectors 


A very important factor affecting the amount of light reaching the 
subject is the size, shape, surface finish, and position of the flash reflector. 
Generally, a large reflector is more efficient than a small one, and a para- 
bolic reflector is more efficient than one which is shallow or dish-shaped. 
Additionally, a reflector with a highly polished surface will tend to be 
more efficient than one of the same shape and size with a satin or matt 
surface; similarly, a parabolic reflector, which has the flashbulb located 
at its focal point, is more efficient than one where the flashbulb is at any 
other position. A shallow, dish-shaped reflector tends to give a less 
concentrated beam of light along the reflector axis than does the para- 
bolic type, although a more even light may be achieved owing to the 
greater divergence of the reflected beam. When the intensity of light 
along the reflector axis is relatively very strong, a “hot-spot” of light is 
produced. Properly designed reflectors take into account the size and 
position of the flashbulb relative to the reflector, and usually combine 
the characteristics of the shallow and parabolic types of reflectors so as to 
concentrate the light from the bulb without giving a hot-spot. Alter- 
natively, the surface of the reflector can be diffused sufficiently to give 
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an even spread of light. Diffusing screens can also be placed over the 
reflector in cases where trouble may arise from a reflector giving local 
concentrations of light; one or two layers of clean white handkerchief or 
thin tissue paper may help to correct this, but at the expense of some loss 
of light. 


FLASH WITH COLOUR MATERIALS 

The details given in this Data Sheet apply equally to both monochrome 
and colour films. However, correct exposure is rather more critical with 
colour films than with monochrome films, and correct exposure of colour 
reversal films is somewhat more critical than with colour negative films. 
As an example, the latitude of under-exposure or over-exposure with 
‘Kodachrome IJ’ Film may amount to no more than plus or minus half 
a stop from correct exposure, but with ‘Kodacolor-X’ Film, while the 
under-exposure latitude is similar, the over-exposure latitude can amount 
to apptoximately 2 stops. 


As the brightness range which can be accommodated by colour films is 
usually somewhat less than that of monochrome films, a lower lighting 
ratio will usually produce a much better colour photograph. Very often, 
it is found that approximately 50 per cent more light is required to re- 
produce dark colours, such as dark blues and greens, correctly, than 
lighter skin tones. Conversely, lighter colours need less light in order 
to reproduce them as the eye saw them in the original scene. In order 
to reduce the lighting contrast, extra light from the use of more than one 
flash unit is especially valuable in order to lighten the darker colours, and 
to illuminate adequately the shadows and the dark areas of a scene. Light- 
ing contrast may also be reduced by the use of such techniques as 
bounced-flash, or bare-bulb flash—these techniques are described in 
further detail on pages 7 and 8. 


One essential difference between the use of monochrome and colour 
films in flash photography is the care which should be taken to avoid 
reflections being thrown on to the subject from highly coloured objects 
outside the picture area, but surrounding the scene. With monochrome 
materials, these reflections are not usually important and, in fact, can be 
beneficial. With colour films, strong colour casts may often ruin an 
otherwise good picture. 


FLASHBULBS 

To a certain extent, the light output from a flashbulb is limited by its 
size. However, the light output can be varied and even controlled 
during manufacture by slightly varying the quantity or nature of the 
combustible material within the bulb. The nature and form of the 
filling, whether it be shredded foil or wire, affects the construction, 
performance, and most important of all, the length of time that the bulb 
will take to reach its maximum light output. The following flashbulb 
classifications are grouped according to the time they take to reach their 
peak output. The term “useful flash duration”, applied to these flash- 
bulbs, implies the measurement of the flash duration from the time the 
flash reaches the half-peak value at the beginning of the flash until the 
time it falls to half-peak value as the flash dies away. 
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Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak. 
The useful flash duration varies according to the size of the bulb but 
ranges from approximately 10 milliseconds for the small bulbs to 20 
milliseconds for the larger bulbs. Naturally, the total light output from 
the different size bulbs in this classification, varies enormously. Small 
bulbs such as the AG.1 and PF.1 have a total light-output of 7500 lumen- 
seconds, whereas the larger bulbs, such as the PF.60, have a total output 
of 62000 lumen-seconds. The more powerful bulbs may not necessarily 
provide proportionately more light on the subject, especially if used in 
reflectors for which they were not designed. 


Class S—flashbulbs taking a time of at least 30 milliseconds to reach 
peak. These bulbs have a useful flash duration of approximately 22 milli- 
seconds, and, although they can be used under the various types of 
camera synchronization listed below, they are primarily intended for 
open-flash work in the photographic studio. Consistent with their large 
size, they have a very large light-output (PF.100—95 000 Jumen-seconds). 


Class FP—flashbulbs having, comparatively, a very long useful flash 
duration. These bulbs are specifically designed for use with focal-plane 
shutters where the level of the illumination in use must be as nearly 
constant as possible during the time the shutter blind exposes the film. 
The smaller bulbs of this class have a useful flash duration of 25 milli- 
seconds or more; larger bulbs have a useful flash duration of 30 milli- 
seconds or more. 


The following table gives details of the types of flashbulb that can be 
used with the two camera synchronization settings, and also includes 
electronic flash. 





SHUTTER SPEEDS AND SYNCHRONIZATION SETTINGS 


Flashbulb Class 


Synchronization Ele onic 
M Ss FP 
1/30 sec or 1/15 sec or 1/8 sec or 
xX longer longer longer All Speeds 
1/60 sec or 1/30 sec or 1/500 sec or : 
M shorter longer longer Not Suitable 





The most reliable firing system for flashbulbs is the battery and capaci- 
tor. It provides ample power, long battery life, and overcomes most of 
the troubles of high contact resistance associated with low voltage batteries. 


It is essential to ensure that where ordinary dry-cell batteries are being 
used as the power supply, the electrical contacts should be kept clean, even 
to the extent of filing the contacts with fine emery cloth or similar abrasive 
material. Regular cleaning will help to reduce the resistance of the 
flash circuit and will, thus, ensure that the batteries in use will provide 
the maximum power to fire the bulb, giving accurate synchronization and 
reducing the chance of a flash failure. 
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ELECTRONIC FLASH 

Electronic flash units have certain distinct advantages over expendable 
flashbulbs and most of these advantages are now quite well known. 
Basically, their main features are the short duration of the flash, which 
is extremely useful for action photography or where short exposures are 
essential, and the ‘“‘daylight quality” of the light they emit, which compares 
very favourably with that of natural daylight illumination. It is therefore 
possible, when using electronic flash with colour films indoors, to standard- 
ize camera exposures on daylight-type film for both indoor and outdoor 
use. 


It is not possible in these pages to describe the enormous range of 
electronic flash units that is now available. Exposure recommendations 
vary considerably with each unit and depend to a great extent on such 
factors as: 


| The energy applied to the flash tube (measured in watt-seconds) 
2 The efficiency of the tube 
3 The efficiency of the reflector 


A similar system to that which is used to calculate guide numbers 
using flashbulbs also applies to electronic flash. However, this number, 
sometimes described in the instructions as the “flash factor” (the two 
terms are synonymous), varies to such an extent with each type of electro- 
nic flash unit that guide numbers for individual units must be determined 
from practical tests. 


Since, in most cases, the duration of the electronic flash is extremely 
short, altering the shutter speed has no effect on the exposure. However, 
where other strong light is present, especially sunlight, the use of a fast 
shutter speed is recommended—especially if it is required to stop action. 
This technique will avoid double or “ghost” images which might other- 
wise be produced. 


When using certain monochrome negative materials, it may be found 
necessary to increase their developing times owing to the effects of 
reciprocity failure (see Data Sheet GN-10), which is produced by the 
very short flash duration of some of these units. The amount of increase 
in development is somewhat dependent upon the type of subject, as well 
as the type of flash unit and its flash duration, and further reference should 
be made to the film instruction sheets. Electronic flash has a characteris- 
tic softness (often the consequence of some form of diffusion introduced 
into the beam, either by using a matted plastic screen or a facetted 
reflector) and a great many of the portable flash units are used close to 
the lens axis. When used thus the resultant contrast may be low, and 
some increase in the developing time may be necessary. 


TECHNIQUES 
Open flash 

The open-flash technique still remains useful in some situations. 
With interior work for example, where the light is very dim, the shutter 
can be opened while repeated flashes of bulbs or an electronic flash unit 
may be used to “paint” the subject with light. If the camera operator 
is working alone, this system may be used (providing there is little existing 
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light) by closing the shutter or, preferably, using a lens cap over the 
camera lens between each successive flash. Numerous other effects are 
possible using open flash with existing light, such as in the work-study 
field (see Data Sheet IN-7). 

Whenever flash powder is used, as in the photography of caves, the 
open-flash technique is essential. 


Fill-in flash 

Flash may also be used to advantage outdoors to reduce the contrast 
which is produced by strong sunlight. Provided the flash unit is used 
judiciously, photographs can be taken against the natural light and this 
technique can help to improve the reproduction in colour photographs. 

The illumination from the flashbulb or an electronic flash unit may often 
equal or surpass that of ordinary daylight. If the flash-unit is to be 
used outdoors for fill-in, then the correct ratio of flash light to sunlight 
must be used. This can be found either from the information given in 
the respective Data Sheets or instruction sheets, or by using the simple 
formula: 

2: x basic guide number 
aperture to be used 

This will avoid the rather disappointing results of either insufficient 
fill-in, or the rather artificial effects produced when too much fill-in 
flash has been used. 


Multiple flash 

Where it is found necessary to increase the level of flash illumination, 
more than one flash unit can be employed in the flash circuit. This is 
extremely useful where large areas have to be lit, such as in studio work, 
or where it is necessary to produce balanced lighting conditions for 
taking colour and monochrome photographs. 

Applying the same formula that is used for single-source flash, the 
guide number for the additional bulbs to be used (assuming that the bulbs 
are all of the same type and are used in identical reflectors) can be deter- 
mined by increasing the basic guide number by the square root of the 
number of bulbs to be employed, for example: 


2 bulbs : x 1-4 
3 bulbs : x 1-7 
4bulbs : x 2 


The above rule applies only when the additional flash bulbs are used 
as the main source of illumination; it is not normally necessary to consider 
fiash sources which are to be used only as background lighting or to 
reduce shadows. 

As may be expected, the use of the multiple-flash technique reduces 
the overall lighting ratio considerably, and as mentioned earlier this is 
advantageous in colour photography. 


Bounced flash 

Bounced flash is a convenient means of producing soft, shadow-free 
illumination. When this technique is applied in portraiture, the sitter 
is subjected to less discomfort; in industrial and technical photography, 
the detail of complicated machinery or apparatus may be clearly shown. 
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The normal technique of taking bounced-flash pictures is to detach 
the flash unit from the camera and point the reflector towards the ceiling. 
However, any suitable reflecting surface may be used—especially as the 
height of ceilings may vary considerably. The amount of reflection 
obtained does of course vary with the height of the ceiling, the colour of 
the reflecting surface, and its surface texture. It is therefore impossible 
to give specific exposure recommendations. However, as a guide, a 
suitable position in which to hold the flash gun when the light is to be 
reflected from a ceiling of average height (approximately 8 feet), is about 
two thirds of the total height of the ceiling. An increase in the exposure, by 
a factor of about 4 or 5 (at least 2 stops more exposure) over the direct 
technique, may then be tried. 

When using colour films, extreme care must be exercised to reduce 
coloured reflections, however slight, which will spoil the picture by 
producing a colour cast. If necessary, if this technique is to be used 
extensively, a standard white card—known to be free from producing any 
colour cast—can be used repeatedly as a reflector. 


Bare-bulb flash 


A similar technique to the one described above may be used with the 
exception that no reflector is used on the flash unit. The principle is to 
utilize as many reflections as possible from the surrounding objects. 
The net effect is to produce pictures which have greatly improved tonal 
quality and a soft natural appearance with much reduced shadows. 


The same precautions exist here as in bounced flash and as a safety 
precaution, some protection, such as a clear plastic bag over the bulb, 
should be given. The determination of accurate exposure may be even 
more difficult with this technique than with ordinary bounced flash, as 
the amount of light falling upon the subject varies considerably with the 
number and character of the reflecting surfaces. 


Close-up flash 


When flash is used on the camera at distances closer than the minimum 
specified in the instructions, the system of using guide numbers for 
calculating exposure conditions becomes impracticable. 


The following exposure details for close-up flash apply chiefly to the 
use of flashbulbs. However, the principle may be applied successfully 
to the use of electronic flash units, but a full range of tests should be made. 

The use of flashbulbs at such short distances as those given opposite, 
permits the use of small apertures with the advantage of a great depth of 
field. Because of its relative position to the camera lens, the flash re- 
flector in use does not uniformly light an extreme close-up. It is there- 
fore suggested that when using this table, one or two thicknesses of 
white handerchief or thin tissue paper should be placed over the reflector 
to act as a diffuser. When so covered, the differences in reflector shape, 
size, and surface are reduced considerably. The table assumes the use 
of a properly diffused reflector, attached to, or in close proximity to, the 
camera and a shutter speed of 1/25th or 1/30th second. 
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Flash extension 


Flash units attached to the camera form the basis for a convenient 
means of capturing photographs spontaneously. However, flash used 
in this way poses its own lighting problems. Highly reflecting surfaces 
behind the subject may cause disturbing ‘“‘hot spots” of light in the 
picture, while subjects placed close to the background will be framed by 
hard dark shadows. The flat frontal lighting causes a general lack of 
modelling as well as possibly presenting many other unpleasant effects 
with colour films. For these and many other reasons, the flash unit is 
best used (where possible) away from the lens axis, and preferably at 
an angle and distance from the subject that shows clearly an improve- 
ment in the modelling and the elimination of any unwanted reflections. 
Using one flash unit on extension (at about 45° to the camera-subject 
axis) together with a second flash unit attached to the camera, will in 
most cases, improve the results still further. 


Besides allowing improvements to be made in the modelling, and 
avoiding unwanted reflections, special effects are possible. By carefully 
arranging the flash unit, it may be used to simulate light from other 
sources, e.g., open fires, candles, etc. Provided that the light from the 
flash is reasonably frontal, the exposure can be calculated in the same 
manner as for normal flash exposures. 


Infra-red flash 


Infra-red or “dark” flash is used fairly extensively in press and forensic 
photography where normal visible flash photography is impossible, 
undesirable, or prohibited. 


Where monochrome negatives are to be made, ‘Kodak’ Infrared 35mm 
film or ‘Kodak’ IR.ER. Plates (see Data Sheet PL-30) may be used. It 
is essential to screen the flash source so as to ensure that only invisible 
infra-red radiation is transmitted; if any appreciable amount of visible 
light is transmitted, or is allowed to leak past the screen, the effect will be 
completely ruined. A suitable method of “filter-coating” flashbulbs is 
given in the paper by R. B. Morris and D. A. Spencer, Dazzle-free 
Photoflash Photography, Brit. J. Phot., 14th June 1940. Alternatively, 
a ‘Wratten’ No. 87 or 88A filter may be used over the flash reflector for 
either flashbulbs or electronic flash. 
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THE PREVENTION AND REMOVAL OF MOULD 
GROWTH ON PHOTOGRAPHIC MATERIALS 


ALL photographic materials are adversely affected by high temperatures 
and high relative humidities. Of these two conditions, high relative 
humidity is more detrimental than heat. 

When materials, either monochrome or colour, are stored or kept for 
any length of time in an atmosphere having a relative humidity above 
60 per cent., there is a tendency for mould to grow on the emulsion 
surface or, with roll or sheet film, on the gelatine backing. Spores of 
moulds are found in the air everywhere, regardless of temperature and 
humidity. There are a great many varieties of moulds, and like plant 
seeds, the spores germinate and grow wherever favourable conditions exist. 

Whether or not anything can be done to correct for the effects of mould 
growth on materials depends upon the degree of the growth and whether 
it started to grow before or after exposure and processing. 

When mould grows on unexposed or unprocessed material, it leaves a 
pattern of filaments which shows up in the processed image. In the case 
of ‘Ektachrome’ or ‘Kodachrome’ Film, the areas which have been 
attacked by mould will generally show a change in colour, whereas in the 
case of monochrome materials, there will generally be an area of different 
density. It is impossible to correct for these changes. If materials are not 
properly protected before exposure, mould may grow inside the package 
or even inside a roll of film. Ifa material is partly used and left in a 
camera for some time in an atmosphere having a relative humidity above 
60 per cent., mould will quite frequently grow on it inside the camera. 

If the material is in a vapour-tight packing, there is practically no 
chance of any mould growth occurring before the package is opened. 
As soon as the package is opened, however, and a humid atmosphere has 
access to the material,mould growth may start to form. If material in vapour- 
tight packing is exposed and processed promptly, there are rarely any 
indications of mould growth before processing. If the processed material 
is subsequently sent to tropical climates, however, mould may develop. 

When mould growth occurs on processed material, the damage to the 
image is not so immediate, so that if its development is discovered in 
time, some steps can be taken to remove it and to prevent its recurrence. 
If the growth has gone too far, however, it may have caused permanent 
damage to the image. This is likely to be more serious with colour film, 
because the growth of mould may liberate substances which affect the 
dyes. With either monochrome or colour materials, mould growth may 
also etch or distort the gelatine of the emulsion or, with roll or sheet film, 
of the backing. 


Prevention of mould growth 

The best method of protecting materials against mould growth is to 
store them in an airtight cabinet or container in which the relative humidity 
can be kept below 60 per cent. This can be done by using a desiccating 
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agent such as activated silica gel. Silica gel lasts indefinitely, but it must 
be reactivated periodically to remove the absorbed moisture. This can 
be done by heating it at a temperature between 300° F. (approx. 150° C.) 
and 400° F. (approx. 200° C.) in a vented oven or over a fire. Heating 
for about 30 minutes is sufficient to reactivate small quantities of silica 
gel; larger quantities require 2 or 3 hours. One ounce (approx. 30 grams) 
of silica gel is sufficient for about 50 ‘Kodachrome’ transparencies in 
Ready-Mounts, about 200 feet of 16 mm. film, or a total weight of about 
four ounces of film negatives in storage envelopes. 

Some desiccation can be obtained within a metal storage cabinet of the 
type used for office supplies and records by providing on the inside of 
the cabinet an electric socket in which a low-wattage lamp can be kept 
constantly burning. A 25 watt lamp, for example, is suitable for most 
cabinets and the burning of this lamp will raise the temperature within 
the cabinet a few degrees and by that means drop the relative humidity 
significantly. Temperatures inside the cabinets on the shelves where the 
processed material is stored should not be permitted to rise more than 
20° F. (approx. 11° C.) above the ambient room temperature. 

When desiccating agents are not available or convenient, considerable 
protection against mould attack is afforded by the ordinary principles of 
good housekeeping. For example, valuable negatives should be stored 
in such a manner that they are protected from dirt and dust and also 
protected from any insects that may be present. Furthermore, every 
effort should be made when handling the negatives to avoid leaving finger- 
prints, etc., on the surface, or to remove them immediately with ‘Kodak’ 
Film Cleaning Fluid. Any form of surface contamination provides pro- 
tection for spores of moulds and encourages an initial growth of the 
mould itself. 


Removal of mould growth 


Neither water nor aqueous solutions should be used for the removal of 
mould. In the great majority of cases, mould growth on the emulsion 
causes the gelatine to become soluble in water, and the use of water or 
aqueous solutions would, therefore, lead to disintegration of the image. 

Films mounted in Ready-Mounts or other cardboard holders should 
be removed before cleaning, and their holders discarded. 

The material should be cleaned by wiping it with soft plush, cotton- 
wool or chamois leather, moistened with ‘Kodak’ Film Cleaning Fluid. 
This treatment should remove most of the surface mould growth. 

When the gelatine has become etched or distorted by the mould growth, 
no satisfactory method of complete restoration is known. If the mould 
is only in the gelatine backing of a film, it is possible to remove the 
backing, but the film may curl excessively as a result. 

Mounted films that have developed mould growths, and have been 
successfully treated, should not be remounted in their original cardboard 
holders, but after being dried thoroughly, remounted in new cardboard 
mounts or between glass. Although there may be a tendency for mould 
to grow on the inside surface of the glass, experience with large numbers 
of glass-mounted slides in the tropics has shown very little trouble. 


Kodak, Ektachrome and Kodachrome are trade marks 
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STAINS APPEARING ON STORED 
NEGATIVES AND PRINTS 


Yellowing and fading of negatives and prints 


The silver images of modern sensitized materials are remarkably stable 
when the material has been properly fixed, washed and stored away from 
excessive humidity and sulphurous gases. With poorly processed 
materials, however, storage for a few months in humid conditions may 
produce stains. 

Poorly fixed and inadequately washed negatives or prints may develop 
yellow-brown stains from the decomposition of silver thiosulphates to form 
silver sulphide. Prints may also exhibit yellow discolouration or toning 
of the lowest density of the image. This change, first noticeable in the 
highlights and popularly known as fading because the image becomes less 
visible, is produced by the action of thiosulphate on the silver image to 
form yellowish silver sulphide. 

Some of the factors which affect the degree of fading are the quantity 
of hypo or of silver compounds left in the image, and the storage tem- 
perature and humidity. The finer the grain of the material, the more 
readily it is attacked; thus, prints, which have very fine-grain images, fade 
much more readily than negatives. At room temperatures an image may 
not fade within 6 months, but at a temperature of 100°F (38°C), with high 
humidity, the same image may fade overnight. 

Silver sulphide may be formed in negatives or prints either as an area 
of stain or as a fading of the image. Silver sulphide stain owes its origin 
to an internal cause—the presence of unremoved silver compound. Fading 
of the image, with the conversion of silver to silver sulphide, may be the 
result of either internal or external causes or a combination of both. 
Internal agents are usually hypo and silver compounds left in the material 
from insufficient fixing and washing. External agents are sulphurous 
gases in the air, such as hydrogen sulphide, sulphur dioxide, etc. 


Preventive Measures to Minimise Fading and Staining. The recommend- 
ations given in Data Sheet RF-6, The Storage of Photographic Materials 
and Photographic Records, should be followed according to the estimated 
length of time for which the records are required to be kept. 

With the paper envelopes used for storing negatives, the seam should 
be along the edge, and not in the middle of the envelope as fading is likely 
to occur where the seam is in contact with the image. 

When mounting prints the use of paste adhesives is best avoided. Most 
pastes are hygroscopic, and the presence of moisture tends to accelerate 
fading. Ordinary starch paste has very little tendency to cause fading, 
but for long-term permanence, dry-mounting tissue should be used. 

The fading of prints as a result of the action of external agents may be 
minimised by the use of a waterproof lacquer over the print surface, the 
use of dry-mounting tissue, and by gold, selenium or sulphide toning. 


Restoration of Faded and Yellow Prints. The removal of the stains, or 
the restoration of the image to its original colour, is frequently quite 
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simple but may occasionally prove to be a complicated procedure. 

If the image is faded but there are no highlight stains, the bleaching and 
re-developing method, given in the Appendix, will usually completely 
restore the print. In a severe case the following procedure should be 
followed. 

All dirt should be removed from the print by rubbing with an artist’s 
quality rubber. Grease marks should be removed with benzene or petrol, 
and the print should be finally swabbed with industrial spirit. If the 
print is mounted, it should be detached from the mount, first by soaking 
thoroughly in water, then by placing it face downwards on a smooth 
surface and tearing the mount away from the print. If an attempt is 
made to pull the print away from the mount, the print will probably be 
torn. Ifthe print has been mounted, it should be heated in a dry-mount- 
ing press and stripped from the mount. 

The print should then be thoroughly fixed in plain hypo, to remove any 
undissolved silver halide, washed thoroughly, hardened by bathing for 5 
minutes in a solution made up according to Kodak formula SH.1, and 
again washed. Any stain in the highlights is probably silver stain, which 
should be removed in a 1 per cent solution of potassium cyanide, the print 
being removed as soon as the image begins to be attacked. Cyanide is a 
deadly poison and should be used with the greatest of care.* The print 
should then be thoroughly washed, and bleached and re-developed as in- 
dicated in the Appendix. 


Mounting stains 


Pink stains are frequently produced on prints which have been mounted 
with rubber cement. These are caused by the solvent action of the cement on 
the dyes present in the paper base or the mount. Also, some grades of 
rubber cement contain sulphur, which will tend to cause fading of the 
image. Other difficulties encountered with mountants include the transfer 
of iron from mountant to print, with consequent yellow rust stains, 
and the hygroscopic properties of the mountant, which cause the print to 
retain moisture and thus accelerate fading of the image. 


Removal of Mounting Stains. Pink stains and a faded appearance can 
usually be eliminated by first removing the print from the mount as 
described above, and then by the bleaching and re-developing method 
described in the Appendix. Iron rust stains may often be removed by 
soaking the print in a 10 per cent solution of oxalic acid. 


Brown stains caused by seams of paper envelopes 


Negatives stored in paper envelopes may develop yellowish-brown 
stains wherever they were in contact with pasted seams. Most pastes are 
somewhat hygroscopic, so that the negative tends to retain an excess of 
moisture in the region of the seams, a condition conducive to fading of the 
image. This is especially true of storage at high temperature and high 
humidity, and if the negative is not thoroughly washed. 


*Caution—Rubber gloves should always be used by those having contact with cyanide. It is essential 
to avoid exposure to its fumes, as cyanide reacts with acids to form poisonous hydrogen cyanide 
gas. When discarding a solution containing cyanide, large quantities of water should be used 
to flush it out of the sink quickly. Cyanide solutions should never be used in poorly ventilated 
rooms. 
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The stains may be prevented by the use of envelopes having seams only 
at the edge, and not in the centre, and having only a pure starch, dextrine, 
synthetic resin or shellac adhesive. It is also helpful to store the negative 
in the envelope with its emulsion side away from any seam. 


Removal of Envelope Seam Stains. Such stains can often be partially 
removed by the bleaching and re-developing method described in the 
Appendix, but usually the negative cannot be restored completely by this 
treatment. 


Mould growth 

Negatives or prints stored under humid conditions, even at moderate 
temperatures, may accumulate a mould growth. Full details regarding 
prevention and removal may be found in Data Sheet RF-9, The Prevention 
and Removal of Mould Growth on Photographic Materials. 


APPENDIX 
S.6 STAIN REMOVER - Formula and Instructions 
Metric Stock Solution A Avoirdupois 
5:3 grammes Potassium permanganate . . . . . 185 grains 
1000 cc... Water tomake . . . . . . . . 80 ounces 


Stock Solution B 


75 grammes . Sodiumchloride. . . .. . 6 ounces 
16 cc . *Sulphuric acid (concentrated) | ounce 135 minims 
1000 cc . . . Watertomake . . . . . . . . 80 ounces 


*Add the sulphuric acid slowly while stirring constantly. Never add the solution to the acid as the 
solution may boil and spacter acid on the hands or face, causing serious burns. 


Use equal parts of A and B. 


In mixing Solution B, care should be taken to see that the sodium chloride solution 
is cool before adding the sulphuric acid slowly and with constant stirring. 


The material should first be hardened by immersion in a 5 per cent formalin 
solution for 2 or 3 minutes, followed by 5 minutes’ washing. The image is then 
bleached, an operation which should be complete in 3 to 4 minutes at 68°F (20°C). 
The brown stain of manganese dioxide is then removed by immersing the material 
in | per cent sodium metabisulphite solution. | Then rinse well and develop in strong 
light with any non-staining developer, e.g., D.163. (Do not use a developer con- 
taining high sulphite and low alkali content, because the sulphite tends to dissolve 
the silver image before the developer can act on it.) 
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COPYING PHOTOGRAPHS AND 
OTHER ILLUSTRATIONS 


FUNDAMENTALS 


The following fundamental considerations must be borne in mind when 
copying any flat subject: 

The material to be copied must be supported so that it lies in a plane 
perpendicular to the camera axis and parallel with that of the sensitized 
material. This is necessary in order to keep distortion to a minimum. 

The camera should have a long bellows extension and ground-glass 
screen focusing in order to provide a sharp, accurately positioned image at 
close range. While a lens especially designed for copying will give ideal 
copies, any high-quality anastigmat will give acceptable results. 

The lighting must be uniform, and there must be no surface glare due 
to specular reflection from the original. 

The choice and manipulation of sensitized material have a direct 
influence upon the character of the copies, and different treatment must 
therefore be given to continuous-tone and to line subjects. 


EQUIPMENT 

Where any considerable amount of copying is to be undertaken, a 
process camera of conventional type, together with suitable lighting 
apparatus, should be installed. Only with such equipment can copies of 
the highest possible quality be made. 

If only a few copies are to be made at irregular intervals, however, use 
of the equipment suggested below will enable an acceptably high standard 
to be reached. 


Camera 


As indicated above, the camera should have a high-quality lens, a 
ground-glass focusing screen, and double-extension bellows that will 
permit copying at scales up to 1:1. Further features that are desirable, 
but not essential, are the ability to take sheet film or plates. A suitable 
piece of apparatus is a sheet-film or plate camera such as the ‘Kodak’ 
Specialist 3 Camera. 


Camera support 

If copying is to be carried out very infrequently, the camera can be 
supported on a tripod, and the original either attached to a wall or laid 
on the floor. 

For small-scale copying at more or less regular intervals, the camera 
should be mounted rigidly, but with adjustment for distance from the 
copyholder. For originals up to about 11 x 14 inches in size, a vertical 
arrangement is preferable because it normally permits of more rapid 
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operation, particularly when books are being copied. Larger originals 
involve relatively great camera-subject distances, and a horizontal arrange- 
ment will then prove the easier to construct and operate. 


Copying easel 

The simplest easel merely consists of a soft-wood board upon which the 
originals can be laid or pinned; it should be painted matt black in order 
to prevent the reflection into the camera lens of stray light from its surface. 
As originals will sometimes be found in a wrinkled or creased condition, 
a sheet of }-inch flawless bevelled glass should be available for covering 
them; a large contact printing frame can also be used. 

Books present a special problem, best met by a vertical copying arrange- 
ment; the matter to be copied can be held flat by a sheet of plate-glass, 
while the facing page, covered with black paper to prevent stray reflections 
and bound to the cover with a rubber band, can rest at an inclined angle 
against a block of wood. 


Lighting equipment 

Two lamps will normally be sufficient to provide even illumination 
unless the available space precludes their being placed sufficiently far back; 
in this case four will be necessary, one at each corner of the copying board. 
Reflectors giving diffuse illumination are to be preferred to polished ones. 
‘Kodalite’ reflectors are suitable, and should be used with 150-watt E.S. 
cap lamps for monochrome copies, or with Photoflood lamps when 
‘Kodachrome’ II Film, Type A, is used. When ‘Ektachrome’ Sheet Film, 
Type B, ‘Ektacolor’ Film, Type L, or High-Speed ‘Ektachrome’ Film, 
Type B, is to be used, photographic lamps having a colour temperature 
of 3200°K are recommended. 

Electronic flash may also be used, in conjunction with Daylight Type 
and Type S colour films. 


TECHNIQUE 
Treatment of the original 


A certain amount of treatment is possible even when the preparation of 
the original is out of the photographer’s control. 

If necessary, the original should be cleaned with art gum. Repair 
defects, if this is possible without danger to the original but, if not, then 
make the best possible copy of the defective original, repair it and then 
re-copy. Mount thin originals on smooth white card, or back them 
temporarily with heavy white paper unless the reverse side carries matter 
that may show through, in which case use black card or paper. Spot 
out any defects on photographs. 


Preparation of the original 
When originals are to be prepared especially for copying, the following 
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points should be borne in mind if copies of the highest possible quality 
are required. 


Carbon-dust and Shaded-pencil Drawings: Draw the original on a larger 
scale than required for the copies. Ensure that the finest detail will still 
be visible on reduction; place lettering in open areas or where fine detail 
can be omitted. 


Line Drawings in Pencil or Ink: Copies of traces produced by recording 
instruments: draw on smooth white paper. 


Graphs, etc.: Ensure that co-ordinate squares are sufficiently large and of 
sufficient density to offer guidance in reading values from the copies. 


Typewritten Matter: Type original on one side of paper only with carbon 
ribbon, or without a ribbon through unused black carbon paper. Use a 
good-quality bond paper, backed with a reversed sheet of new carbon 
paper. Always back the typescript with white paper when copying it. 


Line Diagrams on or with Continuous-tone Photographs: Make the photo- 
graph with a severely restricted contrast and density range; use glossy 
paper but do not glaze it if the diagram is to be drawn on the print; 
if the diagram is white, print the highlight areas darker than usual; if 
black, print the shadows lighter (see Data Sheet GN-4). 


Photographs made especially for Continuous-tone Copying: The best prints 
for normal purposes make use of the whole tone range of the paper, from 
practically clear white to the deepest attainable black. In such prints the 
contrast in highlight details, and the contrast in shadow details are less 
than the contrast in the middle tones, because use is made of the whole of 
the characteristic curve of the printing material and these tones fall on the 
toe and shoulder of this curve. Such a print, when copied, exhibits the 
same lack of highlight and shadow contrast in the copy negative. When 
this negative is printed, a further compression of the highlight and shadow 
tones takes place, since use is again made of the toe and shoulder of the 
paper in the copy print. The final print is therefore obviously inferior to 
the original. 

To avoid this degradation of quality a print specially made for copying 
(e.g., for photo-montage work) should be glazed, yet of low contrast; its 
highlights should be a light grey and its shadows should not reach the 
deepest black which the paper can yield. The tone rendering in the print 
will then be confined to the straight-line portion of the characteristic 
curve of the paper and all tones will therefore be recorded at a uniform 
contrast. Ifthen, by appropriate exposure, the copy negative also records 
these tones on the straight-line portion of its characteristic curve, the 
proper relationship between the tones is maintained, and with suitable 
processing such a negative will yield prints of very good quality, with 
practically as good highlight and shadow detail as the original print. In 
this final print the overall contrast should, of course, be such that use is 
made of the whole of the available tone range (see Data Sheet GN-4). 
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Sensitized materials 


Monochrome continuous-tone copies require the use of materials of 
moderate contrast, while line copies require materials of extremely high 
contrast. Recommended materials are shown in the table below:— 


NATURE 
OF ORIGINAL 


CONTINUOUS. 
TONE 
Monochrome 


Colour 


LINE 
White background 


Faded or yellow 
background (using 


‘Wratten’ No. 15 Filter) 


Blue-prints (using 


‘Wratten’ No. 25 or 29 


Filter) 


MATERIAL 
RECOMMENDED 


Commercial Fine-Grain 


Sheet Films 
‘Panatomic-X’ Roll 
Film 
‘Panatomic-X’ 
Miniature Film 
B.40 Fine-Grain 
Regular Plate 


‘Plus-X’ Sheet Film 

‘Panatomic-X’ Roll 
Film 

‘Panatomic-X’ 
Miniature Film 

P.1200 Super Panchro- 
Press Plate 


‘Kodalith’ Ortho Sheet 
Films, Type 3 

35 mm Recordak 
‘Micro-File’ 
Panchromatic Film 

35 mm Fine-Grain 
Positive Film 

B.4 Half-Tone Plate 


‘Kodalith’ Ortho Sheet 
Films, Type 3 


35 mm Recordak 
‘Micro-File’ 
Panchromatic Film 


‘Kodalith’ Ortho Sheet 
Films, Type 3 

‘Kodalith’ Pan Sheet 
Film (‘Estar’ Base) 

‘Kodalith’ Panchro- 
matic Plate 

35 mm Recordak 
‘Micro-File’ 
Panchromatic Film 

P.25 Half-Tone 
Panchromatic Plate 





OTHER MATERIALS 
WHICH MAY 
BE SUITABLE 


Commercial Ortho, 
‘Plus-X’ Pan, and 
‘Super-XX’ Sheet 
Films. 

0.250, O.800 and 
P.1200 Plates. 
‘Verichrome’ Pan 

Roll Film ‘Plus-X’ Pan 
Miniature Film. 


Commercial Ortho, 
‘Ortho-Royal, and 
‘Super-XX’ Sheet 
Films. 

‘Verichrome’ Pan 

Roll Film. ‘Plus-X’ 
Pan Miniature Film. 
©.250, P.300 (with soft 
working developer), 
and P.900 Plates. 


NATURE 
OF ORIGINAL 


LINE (continued) 


Colour 


LINE AND TONE, 


AND PENCIL 


ALL ORIGINALS 


WHEN COPIES IN 





MATERIAL 
RECOMMENDED 


‘Kodalith’ Pan Sheet 
Film (‘Estar’ Base) 
35 mm Recordak 
‘Micro-File’ 
Panchromatic Film 
P.200 Half-Tone Rapid 
Panchromatic Plate 
‘Kodalith’ 
Panchromatic Plate 


Process Sheet Film 

‘Verichrome’ Pan Roll 
Film 

35 mm Fine-Grain 
Positive Film 

B.40 Fine-Grain 
Regular Plate 


‘Ektachrome’ Sheet 
Film, Type B 


DATA | OTHER MATERIALS 


WHICH MAY 
BE SUITABLE 


‘Panatomic-X’ Minia- 


ture Film and 

35 mm Recordak 
‘Micro-File’ 
Panchromatic Film. 


High-Speed 
‘Ektachrome’ Roll and 





COLOUR ARE ‘Kodachrome’ Il Miniature Film, 
REQUIRED Miniature Film, Type B, ‘Ektacolor’ 
Type A Sheet Film, Type S, 
‘Ektacolor’ Sheet and ‘Kodacolor’ 
Film, Type L Roll and Miniature 
Film (using 
electronic-flash 
illumination). 
IHumination 


Important considerations in illuminating an original for copying are even 
light distribution, control of reflections, and—in colour photography— 
the spectral quality of the light source. 

Reflector-type photographic lamps or photographic lamps in reflectors 
are suitable for copying in both monochrome and colour. The proper 
filters must be used with colour films (see the Data Sheets on the colour 
films which are mentioned in the table above). Fluorescent tubes, 
closed carbon arcs, and mercury arcs are suitable for monochrome work 
only. 

Light distribution is much more critical in copying than in most other 
photographic work. The illumination must be quite even at the focal 
plane in the camera. With large, permanent copying arrangements, it 
is desirable to place the lamps so that all the corners of the largest original 
are equally illuminated, and possibly 25 per cent brighter than the centre. 
The need for higher illumination round the margin and corners of the 
original arises from the way in which light is distributed over the focal 
plane by the lens. The intensity in the focal plane from a uniformly 
illuminated original is highest at the centre, and falls off gradually the 
greater the angle from the lens axis. To ensure that all points on the film 
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are within a desirably small angle, the lens-to-film distance should never 
be less than the diagonal of the film format being used. This precludes 
wide-angle copying. 

Reflectors producing a central area of great brightness (a “‘ hot-spot ”) 
should be avoided or else located so that the “ hot-spot ” covers the entire 
surface of the original. 

If a photo-electric exposure meter is available, it should be used to check 
the evenness of the illumination; if the pointer moves beyond the limit of 
the scale, a piece of ‘Wratten’ Gelatine Neutral-Density Filter (see Data 
Sheet FT-2) may be employed to reduce the intensity of the light reaching 
the photo-cell. Alternatively, a visual photometer should be used. The 
lighting can be tested by photographing a matt white card, equal in size 
to the largest original likely to be copied, on to the largest possible size of 
film or plate of the highest contract that will be used. Inspection of the 
developed negative will indicate any changes which may be necessary. 

The angle between the lamps and the camera-subject axis should be as 
large as possible consistent with fulfilment of the conditions described 
above; an angle of 60° will usually be found suitable. This arrangement 
avoids specular reflections from most smooth-surfaced originals and from 
those having rough-lustre surfaces. Provided that the light sources are 
suitably large or diffuse, rough-surfaced originals may be copied in this 
manner without the surface texture being shown up. These recommenda- 
tions are intended only as a guide to a suitable arrangement; other originals 
may require different treatment. 

Once the lamp positions have been adjusted for best results, it is 
desirable to fix them for future use. The area of best light distribution 
with the usual two-lamp arrangement is wider than it is high, so a rec- 
tangular original should be placed with its longer dimension parallel with 
a line joining the two lights. 


Calculation of the exposure 


The exposure is best determined by experiment; a series of stepped 
exposures should be given on one plate or sheet of film by withdrawing the 
slide completely and then replacing it half-an-inch at a time; the exposures 
should differ from one another by a factor of 2. 

In the case of monochrome miniature and roll films this is impracticable, 
but the series of test exposures may be made on separate frames. With all 
forms of colour film, it is either impracticable or uneconomical to make 
test exposures on the colour film. In this case test exposures should be 
made on a monochrome film of suitable speed and contrast (such as 
‘Plus-X’ Pan Sheet or Miniature Film, or ‘Verichrome’ Pan Roll Film), 
and related to the exposure required for the particular colour film using a 
pre-determined exposure correction. 

When the exposure has been found for one particular set-up, the correct 
exposure for other conditions can be found from Data Sheet RF-4 or by 
comparing the relative effective brightness of the subjects, as indicated 
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by a photo-electric exposure meter or, more preferably, by an exposure 
photometer. Whichever method is adopted, allowance must be made if 
the lens-subject distance is less than, say, 3 feet, as in such a case the 
indicated relative aperture of the lens (i.e., the f/ number) is no longer 
effective. The effective f/ number is the indicated f/ number multiplied 
by (M+1) where M™ is mignification, i.e., the image width divided by 
the subject width. The exposure time must be increased accordingly. 
When the distance of the lamps from the subject is changed, the follow- 
ing approximate formula will indicate the new exposure: 
Known exposure X (new distance)” 


(old distance)? 
When the lamps are used without reflectors, the following approximate 
relative brightness figures may be employed to calculate the change in 
illumination for exposures on panchromatic materials: 


Unknown exposure = 


100-W 150-W NO. | NO. 2 
TUNGSTEN TUNGSTEN PHOTOFLOOD | PHOTOFLOOD 
1 ik 7 12 


The efficiency of the reflectors employed, the tonal range of the subject 
and the speed and other characteristics of the sensitized material employed 
are other variables that must be taken into account when a change in 
technique is made. 


Processing 

Two distinct techniques are indicated, dependent on whether con- 
tinuous-tone or line copies are required; for the former, sensitive materials 
of moderate inherent contrast should be given normal development, while 
for line copies, materials of high inherent contrast should be used and 
processed in a more vigorous developer. 

Recommended developers and development times for various materials 
are given in the appropriate Data Sheets indicated in the tables on pages 
4 and 5. 

Judging quality 

A correctly exposed and processed copy negative of a continuous-tone 
subject should be similar in appearance to a normal direct negative, and 
detail should be visible in both highlights and shadows. 

In a good line negative, black regions of the original should be repro- 
duced as clear areas, free from “veiling”, while the areas representing the 
white portions of the original should be as dense as possible. Even the 
finest lines should be clearly visible when the negative is placed in contact 
with white paper and viewed by reflected light. 


Corrective treatment 
Line negatives that have been somewhat over-exposed show slight 
veiling in the areas that should be clear. This can be decreased by treat- 
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ment with a reducer (see Data Sheet FY-5 for Kodak formula R-4a, R-4b, 
or R-14). 


PHOTOGRAPHS FOR PHOTOMECHANICAL REPRODUCTION 

In order to preserve as far as possible the quality of the original photo- 
graph in reproductions by photomechanical methods, prints should be 
made on ‘Kodak’ Press F Bromide Paper, using D-163 developer (see Data 
Sheet PP-9). The photograph should preferably be dry-mounted on to 
heavy, perfectly smooth cardboard to minimise accidental surface reflec- 
tions. 

Never use paper clips on original photographs. 


COPYING COLOURED ORIGINALS 

The foregoing remarks apply in the main to the copying of black-and- 
white originals, but colour is essential to many drawings, charts and maps. 
When these are to be copied in monochrome, it is frequently necessary 
to maintain a tonal differentiation between areas of different colour in the 
original. If the colours themselves vary sufficiently, it is sufficient to 
make the copy negatives on panchromatic material with a filter which will 
give a monochrome rendering approximating to the visual effect. 

If the colours are all of similar visual brightness, they can be separated 
on the copy negatives by the use of contrast filters. Thus, with a diagram 
drawn in red and green inks of equal luminosities, a green filter, Kodak 
‘Wratten’ Filter No. 58, will suppress the green ink and accentuate the 
red ink. Further information will be found in Data Sheet FT-1. 


USE OF COLOUR FILM 

‘Kodak’ colour films, in common with other colour films, are not 
capable of recording every colour with scientific accuracy, but depend 
upon a mixture of the three complementary colours to simulate other 
colours. For this reason, the accurate rendering of colours depends to 
some extent upon the reflection characteristics of the pigments used in the 
original. For example, two greens that appear visually to be identical may 
record differently because they reflect the colours of the spectrum in 
different ways. In preparing coloured originals, therefore, only those 
pigments should be used which have been proved capable of affording 
satisfactory copies. 

The white backgrounds of some originals record with a blue cast; this 
may be due to the paper used having an unusually high ultra-violet 
reflectance, and can be minimised by photographing through a Kodak 
‘Wratten’ Filter No. 1A (‘Kodak’ Skylight). 


COPYING RADIOGRAPHS 
The copying of radiographs and other transparencies involves certain 
special considerations which are indicated in Data Sheet GN-2. 


Recordak, and product names quoted thus—‘Kodak’—are trade marks 
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COPYING RADIOGRAPHS AND 
OTHER TRANSPARENCIES 





ALTHOUGH this Data Sheet refers specifically to the reproduction of 
radiographs, the recommendations made apply, with some modifications, 
to the photographic reproduction of any continuous-tone transparency. 
The recommendations are based on radiographs, since they are the most 
difficult type of transparency to reproduce. Moreover, they are the type 
of transparency most frequently requiring reproduction. 


Copies of radiographs can be made in several ways using monochrome 
materials, or by the use of reversal colour film (see page 7). 


COPYING WITH MONOCHROME MATERIALS 


In order to convey as clear a picture of the technique as possible, it is 
necessary to define the terms used in this Data Sheet. The original 
radiograph is a shadow picture of the subject, the densest portions of 
which appear as transparent areas and the least dense as relatively opaque 
areas. Any direct reproduction of this in which the tonal relations are 
reversed, produced either in the camera or by contact printing, will be 
called a “reversed-tone radiograph” or ‘intermediate positive”. From 
this a “‘copy radiograph”? may be made having the same tone values as the 
original; this is sometimes loosely called a ‘‘facsimile”, though a paper 
print can rarely be a true facsimile of a transparency for reasons given 
overleaf, and even a transparent reproduction is not usually a perfect 
facsimile. Figure 1 shows an illustration of a radiograph. 


As the chief problem in reproducing radiographs lies in the production 
of suitable paper prints from which half-tone blocks are to be made for 
illustrations, this aspect is dealt with most fully in this sheet. Radiographs 
may be reproduced as positives made directly by contact or reduction 
from the original radiograph, but, since the tonal relations will be reversed, 
this may handicap interpretation. For this reason reproductions in the 
negative image, made via an intermediate positive or by direct reversal, 
are generally preferred. ‘Microdak’ Panchromatic Film has been designed 
specifically for the production of miniature copies of radiographs. As 
well as having an emulsion of extremely fine grain and high resolving 
power, it has a very long exposure scale which will accommodate the wide 
range of densities which are normally found in radiographs. Further 
details of this film are given in Data Sheet FM-61. 


Photographically speaking, the detail of a radiograph consists only of 
variations in the density of the silver deposit; from this point of view, 
radiographs vary in two respects: 
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! The contrast, or extent of the scale of tones. 


2 The density, or degree of opacity, of the areas transmitting the least 
light yet still containing some detail. 


Figure 1 indicates the characteristic tones: A, dense areas devoid of 
detail; B, the darkest areas in which detail is visible; C, the lightest areas 
exhibiting detail and even lighter areas showing no detail. B and C are the 
critical areas in the process of reproduction. The effective contrast to be 
considered is the density difference between B and C; if this is great the 
radiograph has high contrast. It is due to the inherent high contrast of 
the majority of radiographs that the problem of preparing satisfactory 
copies, especially on paper, becomes rather difficult. In a normal radio- 
graph, C may easily be 1000 times as bright as B; this has to be reproduced 
as a paper print which can only have a much more limited range, the white 
parts of the image rarely reflecting more than 50 times the light reflected 
by the blacks. The detail in high-density areas B, must be recorded in 





Figure |. Illustration made from a radiograph of the chest in facsimile-tone reproduction 
(1.e., negative image). This shows examples of the areas to be considered in copying 
radiographs. 


A—Dense areas devoid of detail. 
B—Darkest areas in which detail is visible. 
C—Lightest areas in which detail is visible. 
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ILLUMINATOR 





Figure 2. Diagram of a copying stand based on the use of a half-plate view camera. 
Note that the camera must be rigidly attached to the sliding carriage ; a 4-inch Whit- 
worth screw fits the tripod socket of the camera and can be utilized for this purpose. 


the intermediate positive without over-exposing the areas of low density, 
such as C, sufficiently to obliterate detail in them. Therefore, a material 
having great exposure latitude must be selected. In addition, it is 
necessary to compress the density range of the intermediate positive so that 
it may be reproduced satisfactorily as a print; this is done either by reduc- 
ing the development time (which lowers the contrast of the resulting image) 
or by means of local variation in exposure during printing (so-called 
“dodging’’), which will be discussed later. 


Making the reversed-tone radiograph or intermediate positive 


Equipment : The ideal camera for copying purposes is one fitted with a 
long bellows extension and ground-glass focusing screen or a miniature 
single-lens-reflex camera with extension tubes or a bellows attachment. 
However, the great majority of hand cameras will be found satisfactory 
for occasional work, although they usually require the use of a supple- 
mentary lens and some care in avoiding parallax error when framing. 
When using a supplementary lens, the camera lens must be well stopped 
down to ensure adequate sharpness over the whole field of view. The 
camera must be perfectly rigid during the actual exposure; if only a few 
radiographs are to be copied at irregular intervals, a sturdy tripod or stand 
is sufficient, but where many are to be copied, a special camera stand is 
desirable. A plan which can be adapted for practically any type of camera 
is shown in Figure 2. Additionally, special copying stands are available 
for the various brands of single-lens-reflex camera. 

With any form of camera an ordinary X-ray illuminator will be found 
satisfactory provided that the radiograph is evenly illuminated, and that 
illuminated areas beyond the edges of the radiograph are masked off to 
prevent flare in the camera. The ‘Industrex’ X-ray Illuminators are 
particularly useful in this connection, as they are fitted with adjustable 
metal shutters to screen off the non-image-forming light emanating from 
the surrounding illuminated area when radiographs smaller than 14x 17 
inches are to be copied; this avoids the necessity for cutting special 
masks. 
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Technique : The radiograph is first placed on the illuminator in the cor- 
rect position for interpretation. In some cases focusing may be found 
easier if the radiograph is mounted upside down so that the image seen on 
the focusing screen is the correct way up. The visible margins of the 
glass should be covered with an opaque mask, and the exposure made in 
a darkened room to prevent reflections from the surface of the radiograph. 
The camera is placed with the centre of the lens aligned with the centre of 
the radiograph, and the sensitive material parallel to the radiograph; if it 
is not strictly parallel, distortion will occur. It is as well to make all 
intermediate positives at the largest scale possible with the camera in use, 
thus automatically arranging that all radiographs of the same size will be 
copied at the same degree of reduction. 

When the camera has been placed correctly, the image is brought into 
focus on the ground glass. Many non-reflex miniature cameras, not fitted 
with ground-glass focusing attachments, permit the temporary insertion of 
a small piece of ground-glass in the focal plane of the camera; focusing in 
this manner is accomplished before the camera is loaded. Note that the 
ground side of the glass must be toward the lens. The nature of a radio- 
graph is often such that focusing is difficult unless an object with a clearly 
defined edge, such as a strip of black paper, is temporarily held against it in 
close contact; a low-power magnifier, such as a reading glass, will help in 
obtaining critical focus. 

The lens of the camera must be perfectly clean, otherwise the foreign 
matter on the lens will scatter the light and cause a veiling of the image, 
with consequent obliteration of fine detail. 

The correct exposure time is chiefly determined by the surface bright- 
ness of the illuminator and the actual density of areas such as B in Figure 1; 
it is best determined by trial. Under-exposure should be avoided at all 
costs, for an under-exposed intermediate positive will be badly lacking in 
detail; over-exposure tends to “‘block-up” detail in low-density portions 
of the original, but is a lesser evil than under-exposure. 

When the correct exposure has been determined for any radiograph 
under certain conditions, all other radiographs having the same density in 
the densest area in which detail is visible can be given the same exposure. 
It is thus possible to accumulate a series of radiographs, the exposures for 
which have been determined by test, to act as a guide in estimating expo- 
sure times. When making exposure trials, the exposure should be either 
doubled or halved in each succeeding test, as smaller changes do not 
produce sufficiently marked differences. 


Adjustment of Radiographic Contrast : The simplest way of altering the 
contrast in copying a radiograph is by varying the length of development 
given to the intermediate positive. By developing the positive made from 
a high-contrast radiograph for a relatively short time, and that from a low- 
contrast radiograph for a relatively long time, it is possible to produce 
two intermediate positives of about the same printing quality. In cases of 
extreme contrast, this difficulty may be overcome by changing to a de- 
veloper of lower contrast, such as ‘Kodak’ Soft-Gradation or D-165 
developer. 

When, however, a radiograph exhibits an extremely long density range 
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in which there are details of diagnostic importance in areas of both high 
and low density—B and C, Figure 1—it may prove impossible to produce 
a good intermediate positive without special precautions. This difficulty 
occurs most frequently in industrial radiography and in such cases it may 
be preferable to take a further original radiograph of lower contrast. This 
may be attained, for instance, by an increase in voltage or by the use of 
filters or blocking media. Full details of these techniques will be found 
in the standard works on industrial radiography.? If it is impossible to 
make such modifications in making the original radiograph, variations in 
exposure must be given over the area of the radiograph in making the 
intermediate positive. The simplest method consists of exposing in the 
ordinary way until the point is reached at which more exposure would 
“block-up” detail in areas such as C, Figure 1. Additional local ex- 
posure is then given to areas such as B by means of a black cardboard 
mask, twice the size of the radiograph, with a small hole (e.g., a 1-inch 
circle) cut in the centre; this mask is held parallel and close to the radio- 
graph and moved about continuously so that light from all the area 
requiring local exposure can pass through the hole, while no image is 
formed of the hole itself. It should be remembered that this operation 
must be undertaken in a darkened room. 

“* Dodging ” procedures, such as that just described, are not always easy 
to perform satisfactorily, especially where the areas concerned are small or 
of awkward shapes. A contact-printing method has been suggested by 
Thorpe and Davison® for carrying out local control of exposure, auto- 
matically, by means of a mask fixed to the radiograph. It is obvious that 
if a radiograph were masked with a suitable positive transparency of the 
same view through a perfect specimen, the defects shown in the radiograph 
would stand out clearly against a background of even density. This is, 
of course, impossible in practice but a similar result can be obtained by 
making a positive transparency of correct contrast from the negative 
radiograph by contact and placing this in register, but slightly out of con- 
tact, with the radiograph; the intermediate positive is made from this com- 
bination. This has the effect of giving general masking only, leaving 
defects in the specimen clearly visible. In practice, the mask is made by 
contact printing on to any suitable film, which is then developed in Kodak 
Soft-Gradation or D-165 developer to a rather lower contrast than the 
radiograph itself, fixed and washed. This mask, when dry, is held in 
register with the radiograph but spaced from it by a sheet of glass about 
1/16th inch thick. This combination is then copied by contact. As the 
mask is diffused by its displacement from the radiograph, exact registration 
is not required and there is no risk of a double image. 

Sensitized materials 

The material to be used for making the intermediate positive or reversed- 
tone radiograph must be capable of recording a long range of densities ; 
if miniature sizes are to be used, it must also be of very fine grain and 
capable of reproducing fine detail. 

The following materials are recommended: 

Sheet film: ‘Ortho-Royal’* (Data Sheet FM-35); Commercial Fine- 
Grain* (Data Sheet FM-39); ‘Plus-X’ Pant (Data Sheet FM-36). 


* For radiographs and other monochrome originals. + Particularly for coloured originals. 
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Plates ; B.40* (Data Sheet PL-4); P.300+ (Data Sheet PL-18); P.1200t 
(Data Sheet PL-19). 

Miniature film: ‘Microdak’ Panchromatic Safety Film* (Data Sheet 
FM-61); Fine-Grain Positive* (Data Sheet FM-56); ‘Panatomic-X’ + 
(Data Sheet FM-51); ‘Plus-X’ Pant} (Data Sheet FM-52). 

Roll film: ‘Panatomic-X’+ (Data Sheet FM-47); ‘Verichrome’ Pant 
(Data Sheet FM-49). 

Processing: The contrast of the intermediate positive should be con- 

trolled by adjustment of development time; the developers used should 

be those recommended in the Data Sheets describing the specific material 
used. The plates or films should be rinsed, fixed, and washed in the 
ordinary way. 

The above procedure should give an intermediate positive of satisfactory 
quality, although experience alone will enable the operator to tell when this 
has been achieved. The positive should show every detail present in 
the original radiograph and yet provide adequate contrast. 

Where a positive image is considered satisfactory as an end in itself, it 
may be produced either by the above technique, or, if the contrast of the 
original negative radiograph is sufficiently low, by direct contact printing 
or projection printing on to smooth glossy bromide paper, using suitable 
“dodging” control if necessary. 

Making the copy radiograph 

The preparation of a copy radiograph from a good-quality intermediate 
positive is relatively simple. The methods which may be employed are 
these: 
| Contact printing, using a printing frame or box. 

2 Projection printing, using an enlarger. 

3 Photographing the intermediate positive in the same way as that in 

which it was itself made. 

The choice of method depends largely on the type and size of copy 
radiograph required. 

Projection slides must be made on a sensitized material capable of 
recording faithfully the detail present in the intermediate positive, and 
yet providing adequate contrast. Several materials are recommended, 
the choice being governed largely by the method to be used in making the 
copy radiograph: 35mm Fine-Grain Positive Film, ‘Ortho-Royal’ or 
Commercial Fine-Grain Sheet Film, or the L.10 and L.15 Lantern Plates. 

For making copy radiographs for viewing on an illuminator in the 
ordinary way, ‘Ortho-Royal’ or Commercial Fine-Grain Sheet Film is 
recommended. Ifa glass copy is required, the B.40 plate should be used. 

‘Ortho-Royal’ and Commercial Fine-Grain Films should be developed 
in Kodak D-76 developer; B.40 Plates in Kodak DK-50 developer, 
diluted 1+ 1; Fine-Grain Positive Film, and L.10 and L.15 Lantern Plates 
in Kodak D-163 developer, diluted 1+3 (for lower contrast, Kodak Soft- 
Gradation or D-165 developer should be used). For formulae see Data 
Sheet FY-2. Because the contrast of the intermediate positive determines 
the contrast to which the copy should be developed, developing times are 
not given here; they should be determined by trial. 

* For radiographs and other monochrome originals. + Particularly for coloured originals. 
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Judging Quality : It is as well to make a series of test transparencies from 
which the one exhibiting the correct qualities can be selected as a guide for 
future work. If, on inspection, a transparency is found to be unsatis- 
factory, it should be borne in mind that greater or less density can be 
obtained by increasing or decreasing the exposure, and greater or less 
contrast by increasing or decreasing the developing time. 

Transparencies for projection are normally inspected for quality on an 
illuminator the surface brightness of which is usually much greater than 
that of the illuminated surface of a projection screen, so that a satisfactory 
transparency for projection will appear slightly under-exposed and defi- 
cient in density and contrast when viewed on an illuminator. When 
many slides are to be made as a routine operation, the work of judging the 
quality can be facilitated by reducing the brightness of the illuminator 
either by the substitution of lower wattage bulbs, or by taping white paper 
to the underside of the opal glass. As a final check, it is as well to project 
the finished slide on a screen under normal viewing conditions. 

Making negative-image paper prints 

Contact prints and enlargements are best made on smooth glossy 
bromide paper, using D-163 developer, diluted 1 part to 3 parts of water. 
This paper is available in a range of contrasts, of which either WSG.1 
(soft) or WSG.2 (normal) will usually be found suitable. 

‘Kodak’ Radiograph Duplicating Film (‘Estar’ Base) 

The preceding method for copying radiographs is capable of producing 
copies of the highest quality to meet a wide range of requirements. How- 
ever, the time, equipment, and skill it requires is often a deterrent to its 
use. As an alternative, medical radiographs and industrial weld radio- 
graphs can be copied quickly and surely, at same size, by using ‘Kodak’ 
Radiograph Duplicating Film (‘Estar’ Base). This is coated with a direct- 
positive emulsion which reproduces the tones of the original radiograph in 
one step without the need for reversal processing. Radiograph Duplicating 
Film can be processed in the same solutions as X-ray film, either manually 
or in automatic processors such as the ‘Kodak’ Medical or Industrial 
‘X-Omat’ Processors. Full details of handling and processing are given 
in Data Sheet FM-24. 

COPYING WITH REVERSAL COLOUR FILMS 

When darkroom facilities are not available, it may be convenient to 
make slides of radiographs using a reversal colour film, which can be 
processed by one of the commercial processing laboratories. Further 
details are given in the second two items in the bibliography. 
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MAKING SIMPLE TITLES AND DIAGRAMS 
FOR FILMS AND FILM-STRIPS 





THE recognition of the value of 16 mm. films and 35 mm. film-strips in the 
educational world has prompted the production of many short documen- 
tary films and film-strips for teaching purposes. Often, however, the 
value of careful titling and of adequate diagrammatical explanations in 
such films is not fully realised. But a carefully made film or film-strip 
deserves the extra attention which may be the means of converting 
it into a first-class production. 

A commentary, either embodied in a film or spoken by the teacher, may 
be quite successful, but by providing a subconscious distraction for the 
audience, it may sometimes be less effective than purely visual explanations. 


TITLES 


Titles, though essential, should never be obvious; they should blend 
into the film story to produce a smooth, uninterrupted flow of thought. 
Titles should never break into the story, and should be used only to explain 
that which is not obvious to the eye, or to provide continuity between one 
scene and the next. Reference should not be made to scenes already past 
unless the scene is to be repeated, otherwise the importance of the follow- 
ing scene will be lost in a flood of irrelevant thought. The text should be 
straight to the point without the use of obscure or ambiguous words— 
simplicity should be the keynote. Except in the case of the main title, 
when it is usual for a number of headings to follow one another, a sequence 
of titles should be avoided. It is also unwise to include titles of a topical 
nature; these soon date the film and quickly lose their interest. 

Complicated formulae and involved calculations are rarely remembered 
and should therefore be presented in the simplest and most legible form 
possible and referred to at strategic intervals. Legibility is an important 
factor and is dealt with in the next paragraph. 


Type style 

The styles of lettering best suited to film titles are those which are well 
spaced and bold in character. Condensed or fancy type faces become 
illegible and require much more time to read; these should be avoided. 
The Gill Sans, Granby, and Times Bold type faces lend themselves 
particularly well to this purpose. Having chosen the style of type for a 
film it is unwise to vary it. Varying styles create a disturbing influence; 
a clear consistent style conveys a sense of stability. 

Hand lettering may be quite satisfactory but, unless well done, will 
appear crude. Those who are not adept at this type of work can produce 
effective hand-lettered titles with the aid of ‘Uno’ stencils; these can be 
obtained from almost any stationer’s shop at low cost. 

The number of words per line and the number of lines per frame are 
physically dependent on the size of type employed. Ideally, however, the 
frame should contain not more than six lines of type-matter with not more 
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than six to seven words per line. A title longer than this tends to become 
tedious, owing to the time required for reading, and the small size of the 
type necessary. Single-line titles should be positioned slightly high in the 
frame, the base of the letters standing on the centre line. This commands 
attention and, at the same time, prevents the screen appearing unbalanced. 

The dash and the full-stop can be used to vary the sense of motion. 
For example, ‘‘ The blade revolves in a clockwise direction”. This 
sentence followed by a full-stop tells one thing only, concisely and clearly. 
The audience knows what is happening at the precise moment and will 
subconsciously expect the next scene to be totally different. If the same 
sentence were to be written so, “ The blade revolves in a clockwise direc- 
tion—” the sense of motion is carried on and the audience will expect 
further information on the same subject. The latter sentence could be 
followed by “—and comes to rest point downwards”. The motion is 
then complete and the continuity broken. 


Backgrounds 


The choice of title backgrounds, like the style of type, is directly influ- 
enced by the subject of the film. A bright, flowery background is obvi- 
ously unsuitable for a film on engines, and likewise an angular background 
would hardly be in keeping with a film on rural life. 

For films on science, architecture, handicrafts and similar technical 
subjects the background is best kept to a mid-grey tone. An unobtrusive 
geometric pattern might help to fill the frame and enhance the mood of the 
film. For films of a softer nature a more delicate pattern can be used to 
advantage. The shadow of a branch and leaves on a background of a 
whitewashed garden wall has an association appropriate to a nature 
subject. The choice of backgrounds is almost unlimited, but really good 
titling depends on the ability of the photographer to choose the appropriate 
material. 

As a general rule the background of a title should not be brighter than a 
light grey. A large expanse of bright screen can soon cause eye-strain to 
the audience, and will make the next scene appear too dark. 

Photographic enlargements can well be used for pictorial backgrounds, 
the letters being stuck either on the face of the photograph or supported 
in front of it. For best reproduction, continuous-tone enlargements 
should be rather flat in contrast, whereas line photographs should be of 
good contrast. 

A quite effective method of obtaining a “‘ live ” background is to stick 
cut-out letters on a sheet of good quality glass; this can then be photo- 
graphed out of doors or on location in such a way that a part of the scene 
is shown through the glass. The background scene as shown through the 
glass will, of course, be limited in its distance from the camera; the action 
must be confined within the depth of field when the lens is focused on the 
title lettering. 


Titles in colour 


If the film has been made on ‘Kodachrome’ colour film the titles will 
obviously need to be in colour also. In general, what has been said of 
black-and-white title-making applies to colour work also, except that the 


GN-3 2 


tone contrast of the black-and-white image is replaced by colour contrast. 

The selection of the colours for individual titles is entirely a matter of 
personal choice, but they must harmonize with the general atmosphere of 
the film. For instance, a film on boxing would look ridiculous with titles 
of pale pink on a delicate blue background, whereas this combination of 
colours would be ideally suited to a film on spring blossoms. 

High and low colour contrast will have a vastly different effect on an 
audience. A bright yellow on a dark green background gives a high colour 
contrast and will command attention. A pale pink on a yellow background 
gives a low colour contrast and will convey a feeling of delicacy and 
lightness. The list below is representative of key colours with the corres- 
ponding feelings or ideas which they may suggest. 


Dark red... .. Fire—heat—blood—danger 
Light red... .. Warmth—life—fun 

Pink .. os .. Delicacy—sugar—youth 
Orange Si .. Party—sweetness—summer 
Brown bs .. Indoors—animals—farming 
Dark yellow .. .. Autumn—closeness—attention 
Light yellow .. Clean—brilliancy—lightness 
Dark green .. .. Woods—depth—peace 

Light green .. .. Spring—fields—games 
Purple ie .. Age—heaviness—mystery 
Dark blue .. .. Silence—infinity—night 

Light blue .. .. Evening—winter—smoothness 
White at .. Health—sterility—snow 


Constructing a simple titler 


Excellent titles can be made without the aid of any specialized apparatus, 
merely by pinning the title on a convenient wall, arranging the lights, and 
shooting with the camera held rigidly on a tripod. This system is per- 
fectly adequate for those who want to edit and title only an occasional film. 
But those who wish to progress to the more advanced techniques will 
require some form of simple titling apparatus. 

The basic requirements of a home-constructed titler are few. A base- 
board on which the camera can be firmly seated and an easel set exactly 
square to the lens axis and fixed at the correct distance from the lens is all 
that is required; some form of locating strip is helpful to ensure that the 
camera can be firmly seated in the correct position. 

Figures 1 and 2 show a titler of simple construction which can be made 
from wood by any average handyman. 


Supplementary lenses 

16 mm. ‘Cine-Kodak’ cameras fitted with an f/1-9 lens can be focused 
down to 2 feet. At this distance the field of view is approximately 
7x9 inches; the titles therefore can be quite conveniently drawn or 
printed on to a standard 8 x 10 inch sheet of paper. Cameras fitted with 
an {/3°5 lens, however, are of the fixed-focus type and will therefore need 
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a supplementary lens to enable the camera to be focused at shorter distances 
than 8 feet. A table of field sizes obtained by the use of Kodak ‘Portra’ 
Lenses in conjunction with 25 mm. lenses can be found in the Appendix 
at the end of this Data Sheet. 


Setting up 

When setting up the camera for titling it is most important that the 
camera and easel should be perfectly level, square to the copy and centred 
accurately. A line of type which unintentionally runs down-hill or which 
is off-centre creates a very unfavourable impression with an audience. 

A small pocket torch bulb and battery are a useful aid to the accurate 
positioning of the type-matter. The pressure-plate of most 16 mm. 
‘Cine-Kodak’ cameras can be easily removed, allowing free access to the 
aperture plate. If a lighted torch bulb is then held in the gate directly 
behind the lens the outline of the picture area will be projected on to the 
easel. The corners and centre-point of this area can be lightly marked. 
If, then, the title is placed centrally in this area, it will appear accurately 
positioned on the film. 

Great care should be taken to ensure that the lens-to-easel distance is 
correct and that the lens is accurately focused on that point. A slightly 
“ fuzzy ” image, magnified many times, can spoil an otherwise perfect 
picture. 

Timing 

The time for which the title is actually on the screen is important. A 
title that is too short will not give the audience enough time to read it 
before the next scene appears, whilst a title that remains on the screen for 
too long becomes tedious. An allowance of five seconds for the first four 
words, and half a second for each additional word of more than three 
letters, forms a good working basis. This formula holds good for average 
titles of not more than four lines. Longer titles than this should be read 
through at normal speed, then the first half read through again. This will 
ensure that even the slowest reader will have time to understand it, 
without its becoming boring to others. 

The type of audience to which the film is to be shown should be taken 
into account when timing titles, as children and young persons require a 
longer time to read than adults. 

The question of timing applies equally well to film-strips. The actual 
duration of each title and picture is, of course, under the direct control of 
the projectionist, who should suit the timing to the type of audience and 
to the subject matter of the film-strip. 


Exposure 


Correct exposure is just as necessary when making titles as when making 
the film itself. This is especially so when using ‘Kodachrome’ film, as 
incorrect exposure may upset the colour quality. It is not possible to give 
a specific recommendation for exposures, as conditions vary so much; the 
following table can, however, be used as a basis for experiment. A photo- 
electric exposure meter can prove very useful for ensuring consistent 
results. 


GN-3 6 


The approximate exposures when using two No. 1 Photoflood lamps in 
‘Kodaflector’ reflectors at 3 feet from the easel, and a camera running at 
16 frames per second, will be:— 


Type of film Lens aperture 
‘Kodachrome’ Type A et F/4 
Cine-Kodak ‘Super-X’... f/5°6 
Cine-Kodak ‘Super-XX’ .. f/8-11 


Lighting 

Two No. 1 Photofloods in ‘Kodaflector’ reflectors comprise an ideal 
lighting set-up for simple titling. The lamps should be placed equidistant 
from the title board on either side of the camera, as in Figure 3. When 
using a high-speed material such as Cine-Kodak ‘Super-XX’ film it may 
be found more convenient to use two 100-watt pearl lamps at about two 
feet instead of Photofloods at three feet. The choice will depend to some 
extent upon the size of the original to be illuminated. Except for deliber- 
ate shading effects, perfectly even lighting is essential to good title making. 

Photoflood lamps tend to blacken with age and the actinic value of their 
light then drops considerably. As soon as blackening is noticed, both 
lamps should be replaced with new ones, otherwise an unbalanced illu- 
mination may result. 


Effects 
Fades, wipes, rolling titles and many other ingenious professional effects 





Figure 3. This diagram shows the best position for the lights when filming matt 
titles. The lights are well forward of the camera lens and equally spaced for even 
illumination. When filming titles which involve the use of glass or other glazed 
materials, the lamps must be moved further away from the camera, outside the reflec- 
tion angle of the lens (as indicated by the dotted lines), to prevent the glare of the 
lamps reflecting into the camera lens. 
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can be made with most sub-standard movie cameras by quite simple 
methods. Fades can be easily made by slowly dimming the exposing 
lights by means of a variable resistance or by turning the lights away from 
the easel.* Wipes can be made by placing the title cards one in front of the 
other while the camera is running. When the title is too long to be 
conveniently placed in one frame the words can be printed on to a long 
strip of paper and then pulled slowly up in front of the camera lens. 


The field of trick titling is too vast to be dealt with fully in these pages, 
and the details of such processes must be left to the individual worker. 
As experience is gained in title-making many other methods will become 
apparent. Overlay work, reverse action and stop action photography are 
but a few of the many processes open to a worker in this field. 


DIAGRAMS 


Diagrams, like titles, should be simple, straightforward in style and bold 
in character. They should be used only to illustrate that which cannot 
be adequately shown in reality. Internal mechanisms, or cycles of opera- 
tion, are examples which can be satisfactorily explained only by diagrams. 


The lines should be well spaced and bold in form, the complete diagram 
utilizing the whole format of the frame. Annotations can be added if 
desired by covering the original artwork with a sheet of transparent acetate 
film, then sticking the lettering in position with a rubber adhesive. _ If this 
method is used the lights should be placed as close to the camera as 
possible without obtaining direct reflections into the lens from the surface 
of the film. This will necessitate the lamps being placed well back and 
to one side to ensure that the reflectors are outside the angle of reflection 
of the lens (Fig. 3). 


It is essential to allow enough time on the screen for the audience to 
understand the diagram fully. If it is at all complicated, it may be 
advantageous to repeat the diagram at a later stage. This adds more force 
to the presentation and aids better understanding. 


Black lines on a white ground are quite suitable for most diagrams but 
care should be taken not to over-expose. Indeed, slight under-exposure 
is an advantage as it helps to prevent glare from the white screen. Reverse- 
tone diagrams, i.e., white lines on a black ground, show up very clearly on 
a screen, and fine detail is given greater prominence. 


A good matt art paper should be used for the diagram, the lines being 
drawn with a draughtsman’s ruling pen or a broad mapping pen. 


Even when the titling of both films and film-strips has been mastered 
—and it is a branch of work which demands experience—the aim should 
always be to tell the story in pictures only, using titles and diagrams to 
help the story where it becomes difficult to understand, or when it is 
desired to emphasize a particular point. 





* Exposed ‘Cine-Kodak’ films returned to Kodak Limited are processed in a machine which auto- 
matically compensates for slight errors in exposure. Whilst providing an extended latitude for 
normal straight shooting it is unsuitable for films containing fades or trick shots using a variation 
of exposure: films of this nature should be plainly marked “‘ For NON-compensated processing.’ 
The spool will then be given straight-forward reversal treatment. 
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APPENDIX 


FIELD OF VIEW WITH VARIOUS ‘CINE-KODAK’ LENSES 


Subject- 15 mm. (§ in.) 25 mm. (1 in.) 50 mm. (2 in.) 75 mm. (3 in.) 
to-Lens ———_—____—______- — 


Distance Height Width Height Width Height Width Height = Width 


43” 
giv ge 
aly 108” 
95” 1 ‘ | i” 
= la 93” ar iol” 
9 - 2” 4 , 3” 2 , 9 3" 


16 mm. FOOTAGE EXPOSED AT VARIOUS CAMERA SPEEDS 


8 f.p.s. 16 f.p.s. 24 f.p.s. 
Seconds 


PRAY TITTTOSes 
SSSORANSORA 
BOT ee ON Se S 

SON GROAON 
SORONAKROLONG 


POee 
O55 
Ne 
VERN -=wooOgaAW— 


PODNPAWYNNNTTO 
SODOOCSCOGNBDAODANDS 





NOTE: | foot of 16 mm. film = 40 frames. 





FIELD OF VIEW USING KODAK ‘PORTRA’ LENSES WITH 
25 mm. FOCAL LENGTH LENSES 


‘PORTRA’ LENS +1 | ‘PORTRA’ LENS +2 ‘PORTRA’ LENS +3 


Lens pose a a Ta a 

Focus Subject/Lens Size of Subject/Lens Size of Subject/Lens Size of 

Setting Distance Field Distance Field Distance Field 
(inches) (inches) (inches) (inches) (inches) (inches) 

Inf 2 = 194 58x74 13 33x5 
50 feet = = 195 53x74 12z 33 x 4Z 
*25 feet = = 18h 5Lx7 124 34x 43 
15 feet = = 173 5 x63 124 31 x 43 
10 feet — = 16z 43x 63 Wz 38x 4h 
8 feet = = 163 43 x 6t nes 3Lx 43 
6 feet = = 154 43x 52 WE Bkx 4e 
4 feet 212 6b x 8b 14 4 x5L 108 22x 32 
3 feet 184 5Lx7 128 34x 43 9 28x38 
2 feet 143 4b x 5h 104 3x4 Bt 23 x3 





* Fixed-focus cameras. 


It is unnecessary to use a ‘Portra’ + | lens on any ‘Cine-Kodak’ camera when the focus setting is 
greater than 4 feet, as the same size of field is obtainable by using the standard lens alone. This, however, 
does not apply to other lenses in the ‘Portra’ range as shown in the table. 
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CHANGE OF APERTURE WITH CHANGE OF CAMERA SPEED 









SPEED 





8 frames per sec. 16 frames per sec. | 24 frames per sec. | 64 frames per sec. 


f/32t f/22t f/22-16* fill 
f/22+ filé f/16—-11* f/8 
f/l6 fill f/11-8* f/5°6 
LENS f/ ul f/8 f/6°3 f/4 
APERTURE f/8 f/5°6 f/4°5 f/2:8 
f/5°6 f/4 f/3°5 f/\-9 
14 f/2:8 f/2°8-1-9* _ 
f/2-8 fil-9 = is 
Accelerating Standard Standard Slow motion 
movement speed for speed for for analysing 
PURPOSE or increasing silent films Sound films moderately 
exposure fast 


movement 


* Use an exposure midway between those indicated. 
+ When lens aperture cannot be reduced below f/16, use a neutral-density filter. 
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MAKING LANTERN SLIDES AND FILM-STRIPS 





THE following sizes of slides and film-strips are in general use in Great 
Britain :— 
34 x 3+ in. glass slide, consisting of a photographic plate and cover glass, 
or of a sheet of film between two cover glasses. 
2 X 2 in. glass slide, consisting of a photographic plate and cover glass, 
or of a sheet of film between two cover glasses. 
Strip of 35 mm perforated film bearing pictures 24x 36 mm (known 
as “ double-frame ” size or ‘‘ miniature camera ”’ size). 
Strip of 35 mm perforated film bearing pictures 18x24 mm (known 
as “ single-frame ” size or “‘ standard cine ” size). 


The images on glass lantern plates and on film-strips should be of 
similar appearance—they should show a long range of tones and maximum 
detail, and should have as high a degree of transparency as is compatible 
with retention of detail in the lightest areas. They should be reasonably 
bright but not too contrasty. They can be printed, in most cases, from 
existing negatives, but if negatives have to be made specially they should 
present the subject boldly, with lighting arranged to bring out a full range 
of tones. 


MAKING LANTERN SLIDES 


The method used in making monochrome lantern slides is analogous to 
that used in making prints on paper. A transparent material is used in 
place of paper, on to which the negative is printed by contact or in the 
enlarger (which in this case may be used for projecting reduced images as 
well as enlarged ones). The materials recommended are ‘Kodak’ Lantern 
Plates L.10 or L.15 for the making of slides (see Data Sheet PL-27), or 
35 mm ‘Kodak’ Positive Miniature Safety Film, Fine Grain, for making 
film-strips (see Data Sheet FM-56). 

Whether the printing is done by contact or by projection, the image 
should be properly centred on the plate or film. Particular attention 
should be given to placing the desired portion of the image within the 
usable area of the slide. On 2 2-in. slides the largest useful area is ap- 
proximately 1,4, 14$ in. On 34x 3+-in. slides the largest useful area is 
approximately 231 in. In either case, the long dimension may be 
either horizontal or vertical, to suit the subject. Larger areas than these 
are sometimes used, but the binding of the slide may then cut some of the 
picture away. The picture is framed most easily by placing the final bind- 
ing mask over the printing area and moving it about until the most satis- 
factory composition is obtained. 


Printing by contact 

When a negative is used which provides an image of correct size for the 
slide, contact printing is the simplest procedure. A printing frame can 
be used, provided it will take glass plates satisfactorily. It is sometimes 
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convenient to use the projected beam of light from an enlarger for exposure 
purposes rather than a bare lamp. The negative should be masked to an 
area just larger than that to be recorded in the final slide; this will prevent 
extraneous light from fogging the slide from the edges. The mask should 
not be placed between the negative and the sensitized material, however, 
or definition will be impaired. It is quite satisfactory on the back of the 
negative, as the fuzzy edge will be masked off in the final slide. Approxi- 
mate exposures necessary in contact printing from a normal negative are 
given below :— 


‘Wratten’ Basic Exposure Distance froma 
Lantern Plate Safelight Time* 25-watt Lamp 


L.10 Bromide Hard . 


L.I5 Bromide Normal . 


Series 0B | second 4 feet 





* This is intended only as a guide. Thin negatives may require much less exposure and dense 
negatives rather more. 


As the finished slide is to be magnified many times in projection, it is 
important that extreme care should be taken to prevent dust settling 
between the negative and the sensitized material during exposure; good 
contact is also most important. To check this, a test negative can be 
prepared by scratching the emulsion side of a fogged and developed 
‘Kodak’ B.10 plate. This will give a pattern of fine lines with extremely 
sharp edges. Prints made from such a negative can be examined with a 
magnifier to make certain that all the lines are sharp. If any are blurred, 
contact cannot have been sufficiently good and the printing frame should 
be modified to give more even pressure. 

In place of a printing frame, a Kodak ‘A’ Printer, Model 2, is quite 
suitable, if available. It has adjustable masks for negatives from 24 x 36 
mm upwards and is fitted with special clamps for the negative and the 
sensitized material. 

A home-made printing box is also quite suitable. This can consist of 
a box, about 18 in. or more square, containing a 25-watt electric lamp, 
with arrangements for ventilation. A panel of flashed opal glass should 
be let into the top. The negative can be laid on this, emulsion side up, 
and the lantern plate or film pressed into contact by means of a pad of felt 
covered by a block of wood. Firm contact should be maintained during 
exposure. A red pilot-lamp inside may make positioning of the negative 
and sensitized material easier, but care must be taken to see that it is not 
of a type which fogs the lantern plate in use. It is, in any case often con- 
sidered unnecessary, as the lantern plate can be located over the negative 
by suitable guides of card pinned to the top of the box. 


Printing by projection 

If the negative is not of a size suitable for contact printing, it is necessary 
to use an enlarger. The ‘Kodak’ Precision Enlarger is particularly well 
adapted to this type of work as it permits reduction as well as enlargement, 
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from a wide range of negative sizes. The image should be focused upon 
an undeveloped plate with the emulsion side facing the lens, and a mask 
can be used to determine the exact position of the required area. It is 
advisable to use another mask, with a slightly larger opening, over the 
plate or film during exposure, to prevent fogging by light scattered from 
the edges. When the slides are made on film, focusing can be done on a 
sheet of thick white paper on an easel. In either case, focusing must be 
exact, as the requirements are much more critical than for enlarged prints. 
The plate or film can be positioned conveniently on the enlarging base- 
board by means of pins or cardboard guides pinned to the base. 

In some cases it may be difficult to arrange an enlarger to produce a 
sufficiently small image, particularly from half-plates or similar large 
negative sizes, when making 2x2 in. slides, or film-strips. If so, the 
negative may be set up in front of an illuminated panel and photo- 
graphed with a miniature camera, using Positive Miniature Safety Film, 
afterwards binding the piece of film between glasses. It is of course 
necessary to obtain really even illumination over the negative, to see that 
the camera-back is parallel to the negative and to ensure that focusing is 
critical. Further instructions are given in Data Sheets GN-2 and DC-1. 


Reducing standard lantern slides to smaller sizes 

It may be desired to re-make lantern slides which already exist in the 
3} x 34-in. size, in order to make a new library of 2. 2-in. slides or film- 
strips. If the original negative is not available, a copy negative can be 
made either by unbinding the slide and contact printing from it or by 
copying the slide, as it stands, with a miniature camera. In the former 
case, the resulting negative is reduced to the smaller size in an enlarger, 
as described above; in the latter case it can be printed by contact. Those 
who possess a ‘Cine-Kodak’ Titler, or can obtain one second-hand, will 
find that it can be adapted for copying 3} x 34-in. slides by means of a 
miniature camera in this way. Some cameras are provided with attach- 
ments which make this very easy. Otherwise, supplementary lenses will 
have to be used over the camera lens to enable it to focus at such a short 
distance. 


Negative slides from line diagrams 

Many line originals, such as drawings, maps, letters and typed or printed 
documents, make better slides when reproduced as negatives rather than 
positives—i.e., on the screen, the background is dark and the lines appear 
white. This effect can easily be achieved by copying the material with a 
camera and using the negative direct. Failing this, Indian ink or typed 
originals of suitable size on white paper can be printed directly, by contact, 
on to a lantern plate or positive film. 


Developing lantern slides 

After the slides have been exposed as described above, they must be 
developed, fixed and washed as with negatives. The developers used, 
according to the material chosen, are shown below, and the times given are 
for continuous agitation in a dish. 
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Development 


Time at 
68°F (20°C) 


pantera Developer Dilution Purpose 


3 parts water 


Neutral tone 
3 parts water 
Soft- | part + Softer neutral tone 14-3 min 
Gradation*| 3 parts water 
or D-165 





* Available as ‘Kodak’ Packed Developer Powders. 


These development times are intended only as a guide and the contrast 
of the slide can be varied to some extent by altering the exposure time and 
the degree of development. Prolonged development should be avoided 
as it causes objectionable fogging of the highlights. 

Development of lantern plates is best carried out in a white porcelain 
dish, in which the progress of development can be watched. Exposures 
on 35-mm film can be developed in a daylight tank of the type used for 
negative materials, provided that the same development can be given to 
all the positives. If this is not possible, the film must be exposed in 
separate short sections with only one exposure on each. These should be 
about 3 inches long and can be developed separately in a dish, using the 
small blank spares at either end for handling. The progress of develop- 
ment can be observed by the light of the recommended safelight, holding 
the emulsion side towards the light. Some experience is needed in judging 
the correct stage at which to finish development. 

After development, films and plates should be rinsed in running water 
and fixed in ‘Kodak’ Acid Fixing Salt with Hardener or ‘Kodak’ Rapid 
Acid Fixer. They should then be washed for 30 minutes in running 
water, rinsed in a bath of Kodak ‘Photo-Flo’ solution, and dried in a 
dust-free place. 


Judging density and contrast 


It is almost impossible to judge a slide for correct density and contrast 
until it is dried and projected. After some experience it is possible to 
make a useful guess while the plate is wet, but even so, it is always desirable 
to dry and project the slide before finally passing it out as satisfactory. If 
time is short, the test plate or film can be washed for a few minutes and 
then rinsed in a solution of 70 per cent methylated spirit, after which it 
will dry very quickly and can be projected without binding. It should be 
noted that it is not satisfactory to view it against an illuminator with opal 
or ground glass diffusion. A dry transparency always appears lower in 
contrast when viewed in this way than when it is projected. If projection 
is impracticable, the slide can be judged by placing it emulsion side down 
in contact with a sheet of white paper and viewing it in good lighting. The 
contrast should be such that detail can then just be seen in the darkest parts 
in which detail is required, while at the same time the exposure has been 
adjusted to make the highlights just slightly grey and not completely 
transparent. Slides of line diagrams or lettering are an exception to this 
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rule—the lightest tones should appear completely transparent against a 
sheet of white paper, while the blacks should be as dense as the material 
will allow. The edges of the lines should be sharp and there should be 
no trace of “‘ spreading ” of the blacks, which is a sure sign of over-expo- 
sure of the positive, provided the negative is a good one. If adequate 
contrast cannot be obtained, print the slide rather dark and then reduce 
with Farmer’s reducer until the light areas are just completely clear. 


Finishing lantern slides 


When the slides are dry they must be examined for quality. Points for 
which to look are: sharpness, framing, density, contrast, image tone and 
freedom from blemishes. 

If any spots or markings are present, they can be carefully removed by 
means of water colours on a fine brush, using a magnifier. The brush 
should be dry as possible and the colour built up by several applications, 
rather than by one blob. 

The next step is binding. Glass slides are bound by first masking the 
emulsion side of the positive with black paper and then placing a clean 
cover glass over this, binding the two together by means of self-adhesive or 
gummed-paper tape. Slides printed on film have to be bound with a mask, 
between two glass plates. The ‘Kodak’ Slide Kit provides all the necessary 
components for binding fifty 35 mm or ‘Bantam’ size transparencies, and 
the ‘Kodak’ Slide Binding Jig is a very useful device for holding the slide 
whilst binding the edges. 

‘Kodachrome’ transparencies are usually returned from processing in 
2x 2-in. cardboard mounts. It is not satisfactory to bind these between 
cover glasses as the slide is then too thick for use in some projectors. 

Great care must be taken to clean the transparency and the glasses so 
that no small particles of dust are trapped inside. This can conveniently 
be done by holding them upright and tapping their edges against a clean 
hard surface. If necessary a clean, soft camel-hair brush can be used in 
addition. 

The method of indentifying the orientation of the slide for projection is 
by the use of two white spots, which should be placed at both ends of the 
top edge when viewing the slide in the same position as the picture will 
subsequently appear on the screen. The slide is inserted in the lantern 
with the spots at the bottom and towards the lamp. 2.x 2-in. slides are 
usually marked with one spot only, in the bottom left-hand corner when 
viewing the slide as above. This will thus be at the top right corner, 
facing the lamp, in the projector. In America, all slides are spotted in 
this way and this practice is being adopted in Great Britain to some extent. 
Care should be taken that the spots are correctly placed; all slides should 
always be spotted to avoid accidental incorrect projection. 

If slides contain excessive moisture this may condense on the inside of 
the cover glasses during projection and may even swell the emulsion so 
that it melts. It is therefore wise when binding slides during damp 
weather to dry out the transparencies and the paper masks to a reasonable 
degree. Placing them in an airtight container with a desiccating agent. 
such as silica gel, for 15 to 20 minutes is better than heating them, especially 
for ‘Kodachrome’ transparencies. The slides should be subsequently 
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stored in a dry atmosphere and should always be warmed slightly before 
projection. 


MAKING FILM-STRIPS 


The general principles involved in the production of film-strips are 
similar to those outlined above for slides, and the quality of the pictures on 
the strip should be as high as with 2 2-in. slides. The fact that the 
images have to be arranged along a strip of 35-mm film makes it more 
difficult to achieve this standard, however. The material used for a film- 
strip may vary in nature and quality over a very wide range. It is usual 
for continuous-tone and line images to be side by side on the same strip. 
If individual slides were made, the positives concerned would receive 
different treatment in order to obtain the best quality. In addition to 
this, each of the pictures along the strip must be matched for density and 
contrast in order that projection may be satisfactory, although the original 
subjects and the negatives may vary very much in this respect. 

It is often considered possible to make a film-strip by taking 35-mm 
negatives in a miniature camera and then printing them by contact, in the 
right order, along the strip. In practice, this is virtually impossible, as 
the negatives cannot be exposed and developed to give exactly the same 
density and contrast, and there is no easy means of adjusting for such 
inequalities when making the prints on a single piece of film. In addition, 
the small size of the negative makes it very difficult to judge quality and to 
avoid blemishes. 


‘Wratten’ 
Safelight Basic Exposure Time* 
(direct) 


Distance froma 
25-watt lamp 


‘Micro-File’ 
Panchromatic Safety. . Series 3 


Positive Miniature Safety . Series 0B 4 seconds 





* This is intended only as a guide. Thin negatives may require much less exposure and dense 
negatives rather more. 


Making the master negative 


The method usually adopted is, first of all, to collect the material in the 
form of negatives of any size, original photographs, drawings, printed 
matter, etc. These are then used for making a set of enlargements of the 
individual subjects, to a standard size, which are all matched for density 
and contrast. These can be photographed successively by any suitable 
35-mm camera, using a standard exposure under standard lighting con- 
ditions. After processing, the result is a master 35-mm _ negative-strip 
of uniform quality, which can be printed on to positive film by means of 
a continuous printer, as used in the motion-picture film laboratories. This 
procedure is unfortunately difficult to follow in practice on a small scale, 
especially as no equipment designed for the work is at present commercially 
available. On the other hand, it is the only technique which will lead to 
a really satisfactory film-strip, and with care and some ingenuity it is 
possible. 
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It is recommended that the master enlargements shall be reasonably 
large. 7X10 in. is often used in practice for making ‘‘ double-frame ” 
strips and 74x10 in. for “ single-frame”’ strips. Using these sizes, a 
diagram or title which looks of correct size and “weight”, viewed at three 
feet, will look well on the screen. These sizes could be reduced in order 
to save expense, but they should certainly not be smaller than about 3 x 4 
in. The prints used for this purpose should be specially made for copy- 
ing, i.e., they should have no pronounced blacks and no clear whites, but 
should be of low contrast with maximum detail over all parts of the 
negative range which it is wished to record. White, smooth, glossy, 
bromide paper is recommended, used in the grades needed to suit the 
negatives. Prints should be glazed, in spite of the added difficulty of 
lighting when copying them in order to ensure that the tone-range is as 
long as possible. The copy negative will record these tones in such a way 
that a good, clean, contrasty print can be made, very similar in quality to 
the best which can be made from the original negative. If possible, it is 
better to use transparencies for the enlargements rather than prints, as this 
enables the whole tone-range of the negative to be used and the final 
transparency will then be of the highest possible quality. Full particulars 
for the production of special originals for copying are given in Data Sheets 
GN-1 and GN-2. 


When photographing the enlargements, care must be taken to get them 
properly straight and centred on the negative. Usually a miniature 
camera will be used set up at appropriate distances from the copy, and care 
must be taken to see that this is accurately centred and aligned. The best 
method is by making tests in the first place on a piece of squared paper and 
then to use a mask for holding the enlargements accurately in the correct 
position. If, as is usual, the camera is arranged pointing downwards on 
the base board, a sheet of heavy metal with a mask hinged to it serves this 
purpose very well. As all the enlargements are of equal size the apparatus, 
once set, need not be altered. 


Before photographing them the enlargements can be titled and have 
arrows or other annotations added. They should, in any case, be 
numbered in one of the bottom corners to ensure that they are photo- 
graphed in the correct order on the film. Type or hand-lettering which is 
readable and clear at 4 feet will be of correct size for a 7 x 10-in. card. 


Arrangements for setting up the miniature camera for copying, and 
materials to use, are given in Data Sheet DC-1. 35 mm ‘Micro-File’ 
Panchromatic film is particularly suitable for this job and may be obtained 
in 101-ft. lengths: specify ““Winding S”. It is important that a standard 
lighting arrangement, giving even illumination, should be arranged and 
adhered to throughout. The exposure can then be determined, by trial, 
once and for all. A modified 16-mm ‘Cine-Kodak’ Titler is a convenient 
method of setting up a miniature camera, as mentioned above. A supple- 
mentary lens or an extension tube must usually be used on the camera to 
ensure that it is focused at the right distance when the area of the card is 
to fill the image area of the negative. 


The resulting negative-strip, up to the normal 36-exposure length, may 
be processed in any normal form of tank used for 35-mm negative process- 
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ing. For longer strips (up to 24 feet) the ‘Kodak’ 35-mm Spiral Process- 
ing Outfit is a very suitable type of apparatus. 

The film should be developed in a solution of ‘Kodak’ D-76 Developer : 
use a time based on the table below. The film should be fixed in ‘Kodak’ 
Acid Fixing Salt with Hardener and then washed for at least 30 minutes in 
in running water. After washing, it is desirable to run the film through a 
final bath of Kodak ‘Photo-Flo’ solution, and to dry in a dust-free place. 


Development 


Time at 
68°F (20°C) 


Developer Dilution Purpose 


‘Micro-File’ | part+ Normal contrast 
Panchromatic 2 parts water 

Safety | part+ Normal contrast 
4 parts water 


Positive D-163* Normal contrast 
Miniature 3 parts water 
Safety D-76* Undiluted Softer contrast 





* Available as ‘Kodak’ Packed Developer Powders. 


Printing the negative-strips 
The master negative thus prepared can be printed in three ways :— 


(a) It can be sent to a commercial processing laboratory which will print 
it on the machines used for motion-picture films. This is usually 
only acceptable if reasonably large quantities of copies are required. 


(b) A print can be made from the negative, particularly if it is a fairly 
short strip, by placing it face down on a strip of Positive Miniature 
Safety Film and sandwiching the two between glass plates, as in 
printing a slide in a printing frame. With care, seven or eight 
frames at a time can be exposed in this way, until the whole strip 
has been covered, and the positive then developed in a spiral tank. 
This will also allow the use of two or more negative-strips to be 
printed on a single strip of positive to form a long film-strip, if care 
is taken to match up the positions of the frames relative to the 
perforations on the negative-strips. 


(c) The negative-strips can be printed, frame by frame, in a special 
printer such as the Leitz ‘Eldia’. This printer, which is at present 
only available second-hand, holds about 8 feet of positive film, which 
can be wound on in a magazine independently of the negative. The 
negative is held in a cover, which can be brought down on to each 
section of the positive film in turn, as each frame is printed. By 
holding the printer up to a low-power lamp, it is possible to position 
the negative accurately through a red window built into the base. 
Exposure is then made to any suitable light-source, as in contact 
printing with a printing frame, the cover is lifted, the positive 
film turned on for the right distance by means of a winding knob 
and the next negative inserted in the lid. Other printers of the 
same general type have been the ‘Nebro’ 35-mm Comparable 
Printer and the Dormer 35-mm Contact-Printing Device. 
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The development of the positive-strip is carried out in a spiral tank in 
exactly the same way as the negative and using the development conditions 
suggested in the table opposite. After fixing and washing, no further 
finishing treatment is required. 

For convenience it is desirable to adhere to the British Standard for 
Film-Strips and Film Slides (No. BS.1917:1952), which lays down that 
there shall be not less than 9 inches of blank film at either end of the strip, a 
frame at the beginning displaying the word “ Start ’ and another “‘ End ”. 


Film-strips in colour 


Film-strips in colour are made by a number of commercial film-strip 
laboratories, which should be approached whenever film-strips are 
required on a large scale. They are, however, difficult to make on a small 
scale, but if it is desired merely to make one or two film-strips they can be 
made in a camera, direct, by photographing the selected originals in the 
correct order. Colour drawings or other flat copy may be photographed 
on to ‘Kodachrome’ Film, Type A, illuminating the originals with Photo- 
flood lamps (see under heading “Illumination” in Data Sheet GN-1). If, 
however, it is desired to copy existing colour transparencies, results on this 
film are liable to be disappointing owing to the wide density range of such 
transparencies. Better results will be obtained by the use of ‘Koda- 
chrome’ Film for Duplicate Printing, which is specially made for the 
copying of colour transparencies illuminated by Photoflood lamps. 

If more than one strip of this type is required, the picture should be 
re-taken, and in the same order, as many times as is required. It is, of 
course, desirable to make tests beforehand to make sure that the exposure 
of each subject is exactly right. The film will be returned after processing 
by Kodak Limited in the form of a positive transparency strip in full 
colour, with the frames matching in contrast. Note that Kodak Limited 
must be informed that the strip is not to be cut after processing, as other- 
wise the frames will be returned in individual card mounts. If the 
exposures have been correct, the pictures will match quite accurately in 
density. Care must be taken to see that the correct lighting is used for the 
type of ‘Kodachrome’ film employed and that the subjects are such that 
they will make a satisfactory series when projected consecutively. 
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PHOTOGRAPHY IN THE TROPICS 


INTRODUCTION 


Photography in the tropics is complicated mainly by the fact that high 
temperatures and humidities are unfavourable to the life and performance 
of all sensitized materials and of some types of apparatus. Furthermore, 
these conditions in turn favour the growth of moulds on organic matter. 
The ravages of insects may prove a menace, whilst airborne sand or dust 
may also present serious problems. The following account is intended to 
summarise many of the precautions which have been suggested for mini- 
mising these troubles. 





Tropical climatic conditions fluctuate between wide limits but in general 
two main types may be encountered. The first is characterised by high 
and widely varying temperatures, which may rise to 120° F (49° C) in the 
shade, accompanied by low relative humidity, and may persist for long 
periods during the “ dry season ” or in desert regions. The second type 
occurs, for example, in the rainy season or on tropical islands and is 
characterised by a very high humidity with temperatures which do not 
often rise above 95° F (35°C). The precautions to be observed during 
the hot, dry conditions of the first type are relatively simple, but pre- 
cautions additional to these must be taken in very humid conditions. 


It should be realised that great variations of temperature, humidity, or 
other complicating factors may be encountered even within one of these 
main types of condition. 


In attempting to give general guidance for all such areas, it is inevitable 
that these notes may give a rather exaggerated impression of the difficulties 
to some users and a barely adequate one to others. Photographers must 
therefore use their own discretion in judging to what extent these notes 
may be applied and at all times should make the fullest possible use of the 
local information available from others with special experience in their 
particular area. 


SUMMARIZED RECOMMENDATIONS 


1 Keep apparatus dry and as clean as possible. Treat leather parts with 
wax polish, keep metal parts lightly greased and clean the lens surface 
frequently. 


2 Avoid leaving apparatus in the sun unnecessarily, especially if it 
contains sensitized material. 


3 If sensitized materials are ordered from suppliers in temperate 
climates specify that they are for tropical use so that they can be chosen 
and packed suitably, preferably in as small units as possible. 


4 Keep sensitized materials in the manufacturer’s containers as long as 
possible. Once open, use the contents quickly, or alternatively, dry out 
the residue and reseal the container. 


Issue A Kodak Data Booklet 
GN-5 


5 At all times keep sensitized materials as cool and dry as possible and 
avoid sudden temperature variations. Where cooling facilities are 
available films and plates are best kept below 60° F (16° C), papers not 
above 70° F (21° C), ideal relative humidity 40 to 60 per cent. Under 
difficult conditions, keep storage temperature below 90° F (32° C) if 
possible and avoid damp. Prolonged holding at 100° F (38° C) is very 
undesirable. Photographic materials cannot be depended upon to survive 
a temperature continuously maintained at 120° F (49° C) for more than a 
few weeks. In general, at all temperatures, the higher the humidity the 
more rapid the deterioration. 


6 Use the recommended exposure tables as a basis but be guided by 
local experience. Choose any exposure meter carefully. Note that a 
common fault in tropical photography is under-exposure. 


7 Develop as soon after exposure as possible. If delay is unavoidable 
take just as much care of the exposed material as of the unexposed—keep 
it in dry containers and keep it cool. 


8 Keep processing solutions cool. If this is not possible, at least avoid 
sudden temperature variations from one bath to the next. Try to 
minimise swelling of the emulsion layer at all stages in processing. 


9 If, under field conditions, thorough fixing or washing is impossible, dry 
the negatives and prints and then re-fix or re-wash when more favourable 
conditions are available. For maximum permanence use a hypo-eliminator 
bath as a final step after washing; the permanence of prints may be greatly 
improved by toning with hypo-alum or selenium, and they may also be 
varnished. 


10 Before final drying, treat negatives in a solution of zinc fluosilicate. 


Il Store negatives and prints in cool, airy and fairly dry conditions; 
dampness is dangerous, but extreme dryness is also to be avoided, 
particularly where paper prints are concerned. Inspect negatives and 
prints periodically for signs of deterioration, so that corrective treatments 
can be applied or reproductions made. 


HANDLING AND STORAGE OF PHOTOGRAPHIC APPARATUS 


If treated with care, practically any camera may be used in the tropics 
for a short time. If, however, a camera becomes very hot, this may not 
only spoil any film it contains but may also tend to soften the lens cement. 
Subsequent mechanical strain produced by jarring or rapid cooling may 
cause “‘ starring” of the lens cement which can only be rectified by the 
lens manufacturer. Cameras should therefore never be allowed to lie in 
the open sun and should be kept in a case when not actually in use. The 
use of a white slip cover with non-corrodible metal fastenings has also been 
suggested for preventing overheating if cameras are used continuously for 
long periods. Particular care should also be taken of lenses, since they are 
more likely to be contaminated with airborne grit under tropical conditions. 
External surfaces should be covered with a lens cap whenever a lens is not 
in use. Lenses may also be protected during use by a colourless “‘ filter’’, 
such as optical glass, in a filter mount. This is particularly useful in 
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deserts where much sand is to be contended with and also on the coast as 
a protection against salt spray. If damaged, such a filter can be replaced 
far more cheaply and readily than a lens. In maintaining outer lens 
surfaces clean, loose dirt and grit should as far as possible be removed by 
blowing or gentle tapping. If the lens surface requires wiping, cotton- 
wool or open-mesh fabrics such as butter muslin should be employed. 
Used with great care, these pick up the dirt particles without scratching 
the glass. Ifnecessary the cotton-wool or fabric may be slightly moistened 
with ‘Kodak’ Lens Cleaning Solution, water, or a solvent such as petrol or 
alcohol. The lens should be wiped finally with a dry wad. 


Certain insects may attack such materials as wood, fabrics, leather and 
glue, and appropriate precautions should therefore be taken when neces- 
sary. 


High humidities, encouraging corrosion, have a harmful effect on many 
materials used in the construction of photographic apparatus. Moulds 
may attack leather, fabrics, stitches in cases and straps, glues and gelatin 
(including photographic sensitized layers, and filter and safelight screens), 
wood and even the glass surfaces of lenses. Metal parts, particularly if 
they consist of unprotected iron or aluminium, are liable to corrosion. 
Thus, cameras and other apparatus unless constructed of materials 
resistant to tropical conditions should be protected from high humidities 
at least when not actually in use. Cameras constructed of wood should 
utilise mahogany or teak fastened with non-rusting screws. Joints held 
together by glue should be avoided, but some synthetic adhesives are less 
likely to be affected. Leather parts of cameras such as bellows should be 
kept clean and as dry as possible and protected by frequent treatment with 
a good wax polish. Alternatively, modern cameras, without bellows, of 
a type constructed mainly of light metal or plastic, are very suitable for 
tropical use. The air space in such cameras is almost hermetically sealed 
and if the lens is permanently extended and the front cell focused by a 
helical movement, diffusion in or out of the camera air space is greatly 
retarded. Thus, if such cameras are loaded under conditions of low 
humidity it is probable that the time taken for high humidities to affect 
the film will be appreciably lengthened. Even when such a camera is 
loaded at a high humidity the total amount of moisture available for the 
emulsion to imbibe is strictly limited. Only the first few exposures, 
therefore, are likely to be affected. Between-lens shutters are to be 
preferred to those of focal-plane type since the latter tend to cause trouble 
as a result of warmth, humidity and airborne grit. Condensation of 
moisture on the lens may prove troublesome if the camera is brought 
suddenly from a cool place into a hot, humid atmosphere. Any such 
condensation should be carefully wiped off before use or before returning 
the camera to its case. The above considerations also apply in general to 
darkroom apparatus which is, however, unlikely to be exposed to any such 
extremes of atmospheres or such rapid changes of humidity. 


As electricity will often not be available the photographer intending to 
do his own processing may often have to use such light-sources as oil 
lamps or electric torches in the darkroom for safelights and as exposing 
lamps. The extra speed of bromide paper compared with that of chloride 
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may be invaluable when making even contact prints under such conditions. 


Lens filters and safelight screens which are quite satisfactory for use in 
temperate climates have been known to break down rapidly under tropical 
conditions. Modified types, however, are now available from Kodak 
Houses which are much more resistant. The prospective user should 
therefore always mention that any filters or safelights ordered are required 
for use in the tropics. 


Most of the troubles due to high humidity mentioned above may be 
prevented by storing apparatus at low humidity. Small articles such as 
miniature cameras can well be carried in airtight metal boxes containing 
a desiccating agent. Alternatively, apparatus may be kept in a store main- 
tained a few degrees above the temperature of the outside air, thus 
reducing the relative humidity. The use of an insulated box or crate in 
which low-power electric light bulbs are kept burning continuously has 
also been suggested. Such a heated store should not be used for sensitized 
materials. The effect of humid conditions may also be lessened by fre- 
quent inspection and cleaning of apparatus. Frequent airing is said to 
allay the tendency for the growth of moulds. Treatment with a wax 
polish has also been advocated for discouraging the growth of moulds on 
camera bellows. 


Finally, any stitching on straps and cases should be inspected frequently. 
The thread may rot without showing any external signs and such frequent 
testing is the only method by which to avoid an accident. 


SENSITIZED MATERIALS 


General considerations 


When ordering sensitized materials for use in the tropics several points 
should be kept in mind. Many sensitized materials are manufactured 
to-day with the emulsion hardened to suit tropical conditions, but when 
ordering materials direct from the manufacturers in a temperate country, 
the fact that they are intended for tropical use must always be emphasised. 
The base on which negative materials are coated may also affect their 
performance in the tropics. Thus, nitrate film base tends to decompose 
slowly on prolonged storage under tropical conditions and the products 
have been known to affect the developed image as well as the unexposed 
emulsion. Acetate or safety film base generally is less likely to produce 
such changes, while plates are considered to be completely free from these 
effects. In cases where nitrate and safety films are available the latter 
should, therefore, preferably be used, at any rate when permanent records 
are required. ‘Kodak’ films of all types are now coated on safety base 
and are, from this point of view, suitable for tropical use. The selection 
of sensitized materials will otherwise be generally guided by the purpose 
for which they are needed. In the case of films for 35 mm or other minia- 
ture cameras, however, fine-grain emulsion is particularly recommended 
to minimise the increase of graininess which is likely to occur when 
development is carried out above 75° F (24° C). The packing of materials 
for tropical use is of paramount importance and various forms of humidity- 
proofed packing are used by photographic manufacturers. As explained 
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below, once the humidity-proofed packing is open, the materials are liable 
to undergo deterioration, which may be more or less rapid according to the 
prevailing conditions. Materials should therefore be ordered in as small 
units as possible. 


Deterioration under tropical conditions 


Either high temperatures or high humidities are bad for photographic 
materials. Photographic sensitized materials deteriorate when kept at a 
high temperature, but the velocity, and to some extent the nature of the 
changes, are so dependent on the humidity that two separate sets of con- 
ditions may be distinguished as follows :— 


(a) The materials are kept in a humidity-proofed container at a low 
relative humidity. 


(b) The humidity-proofed container is opened and the material is 
exposed to the high humidity conditions which occur for varying 
lengths of time in most tropical countries. Under this heading we 
may also include exposure to the atmosphere when working near 
salt water. 


Under the conditions of (a) most photographic materials show a gradual 
rise of fog accompanied by loss of speed in the case of high-speed, low- 
contrast materials, and a rise of speed and a loss of contrast in the case of 
high-contrast, low-speed materials. These changes become increasingly 
rapid as the temperature is raised. Six months’ keeping of 35 mm 
negative films in the original airtight tins at a continuously maintained 
temperature of 90° F (32° C) has been suggested as a safe limit. If main- 
tained at 100° F (38° C) the life of most sensitized materials is measured 
in weeks, while some materials, such as infra-red film, break down even 
more rapidly at this temperature. At a temperature continuously main- 
tained at 120° F (49° C) all materials have a life of only a few weeks or 
even days. These rough estimates of the maximum safe periods may no 
doubt appear rather conservative when compared with practical experience, 
but it must be remembered that they are expressed in terms of continuously 
maintained temperatures and not in terms of mean day temperatures only. 


Under the conditions of (b) the rate of deterioration at elevated tempera- 
tures is greatly accelerated and is characterised by latent image fading after 
exposure, as well as by rise of fog and reduction of speed before exposure. 
It has been shown that, owing to latent image fading, the total time for 
which the film is left open to a humid atmosphere is significant. At 95° F 
(35° C) materials, if left completely open to an atmosphere of 90 per cent 
relative humidity, may become unusable in as little as a few days. Condi- 
tions of such severity are relatively frequent during the rainy season in 
various localities. It should, however, be remembered that photographic 
materials are seldom left completely open to the atmosphere, and the 
camera, wrapping paper, or even adjacent sheets or coils of sensitized 
material may greatly restrict access of the prevailing humidity. For these 
reasons deterioration at the rate mentioned above rarely arises in practice. 


Other troubles rising from high humidity are caused by the sensitized 
layers swelling until they become sticky. Adjacent sheets or convolutions 
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of film may stick together and film may also fail to pass safely through the 
mechanism of the camera. Moulds are also liable to grow on the unpro- 
cessed emulsion surface. Moisture droplets which will aggravate the 
swelling of the sensitive layer may be deposited following the rapid cooling 
of vessels sealed at high humidities. At all times, packages and other 
containers for sensitized materials should be protected from sudden 
temperature changes. 


Handling and storage precautions 


General Precautions: On storage shelves, individual packages of paper 
and sheet film should be placed on edge to avoid pressure marks. Cine 
film cartons should be stored flat so that the weight of the film rests on the 
sides of the spools. 


Photographic materials should be protected from high concentrations 
of such harmful gases as hydrogen sulphide, formaldehyde, ammonia, coal 
gas, mercury vapour, industrial gases, war gases, motor exhausts, and 
vapours of solvents, cleaners and turpentine. Packages of photographic 
materials should preferably be kept away from these gases, but the 
moisture-proof tropical packing used by manufacturers should give a high 
degree of protection against most of them. 


Where well-equipped storage accommodation can be provided, films and 
plates should be kept below 60° F (16° C), but 50° F (10° C) is preferable; 
paper should be kept below 70° F (21°C). The ideal relative humidity 
is 40 to 60 per cent. Obviously, however, these conditions are unlikely 
to be attainable, but the following precautions may be taken to prevent 
deterioration due to high temperature alone. It should, however, be 
remembered that the shorter the proposed storage time the more can the 
precautions be safely relaxed. The temperature of the sensitized mat- 
erials should at all times be kept as near to the above recommended 
temperature limits as possible. 


During transport all cases containing photographic materials should be 
kept out of direct sunlight. They should be placed in the shade or under 
other materials, and should not be allowed to remain for long on loading 
platforms or docks. ‘The same precautions should be maintained through- 
out expeditions. It should be remembered that the smaller the unit in 
which the material is contained, the more rapidly will heating by the sun 
affect it. A camera left lying in the sun in still air, as for example in an 
open car, may reach a temperature very considerably higher than the air 
temperature and may set up very dangerous conditions for any film 
contained within. During shipment the baggage or mail rooms of ships, 
which are usually close to the engines, should be avoided, as temperatures 
are often likely to exceed 120° F (49° C) for considerable periods. 


In choosing the storage space the following precautions should be taken. 
Unventilated buildings and the top floors of uninsulated buildings should 
be avoided, and materials should be stored well away from outside walls, 
steam pipes or other heat sources. A cold store is very desirable if 
available, in order to attain the above recommended conditions, but if this 
type of storage is used, packages should be brought out into more moderate 
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conditions a few hours before use. This is to allow the material to warm 
up gradually, so that condensation of moisture, particularly on the emul- 
sion surface, does not occur when it is exposed to the warm air. Cold 
stores which are not equipped with air drying plant are not necessarily 
best run at the lowest temperature obtainable, in that the lower the tem- 
perature, the higher will be the relative humidity. Except where the 
materials are all enclosed in airtight containers it may, for example, be 
preferable to maintain the cold store at 60° F (16° C) with 40 per cent 
relative humidity rather than 40°F (4°C) with 80 per cent relative 
humidity. 

The preservation of an even temperature may also lengthen the life of 
materials in partially sealed containers, which might otherwise acquire 
moisture through “ breathing ” due to temperature changes. In perma- 
nent stations, the use of storage pits may help to secure a lower and more 
uniform temperature, and caves should also prove useful for storage 
purposes. Materials in completely airtight (for example, soldered) con- 
tainers may be kept at a lower average temperature by chilling as much as 
possible during cool nights, and then stored with bedding or other 
insulating material heaped on top during the day. 


Special Precautions for Humid Conditions: The adverse effects of high 
humidity during storage can be largely avoided by keeping the moisture- 
proof packages intact as long as possible. For this reason the packages 
should be examined on receipt to make sure that no damage has occurred 
in transit which will affect their protection against humidity. If the 
packages have to be opened for any reason in humid conditions, the metal 
container should be re-closed either in a dry atmosphere or else with a 
desiccating agent, such as silica gel or dried-out paper, included (see below) 
to lower the humidity of the enclosed atmosphere. Various types of 
metal boxes are advocated as moisture-proof containers. Flat sensitized 
materials may be stored in zinc-lined boxes which are sealed by soldering. 
Metal boxes sealed with adhesive tape are also advocated, although the 
tape may require to be renewed from time to time. Boxes may alterna- 
tively be sealed by stout clamps holding down a lid equipped with a rubber 
gasket. Steel “ African’ uniform boxes the size of a suitcase are also 
suggested as suitable for the transport of a small stock of sensitized 
material in the field; such a box should be painted white to lessen radiant 
heat absorption. The hermetically sealed Garrison type container may 
also be used for the same purpose. 


The following precautions are intended to neutralize the harmful effect 
of high humidities. The stringency with which it is necessary to practise 
them depends on the severity of the conditions likely to be encountered. 

Although it is possible to dry out and re-seal the materials, after a 
humidity-proofed package has once been opened to extract part of its 
contents, it is more convenient to employ small unit packages and use up 
all the sensitized materials in each, as rapidly as possible after opening. 
No benefit is obtained, however, by exposing all the material as soon as it 
is opened to avoid loss of emulsion speed, if development is delayed for 
such a time that serious latent image fading occurs, unless suitable care of 
the exposed material is also taken. Under field conditions of use, this 
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may in fact prove the greater problem. 


The effects of high humidities after exposure may be largely avoided by 
exposing all the material as soon as possible after opening the original 
package and then either developing, or drying the material out and re- 
packing in humidity-proof containers, as soon as possible after exposure. 


The following considerations will probably influence the choice of 
procedure under any one set of conditions in the field or during an expedi- 
tion. Immediate processing will often entail additional difficulties such 
as shortage of water supply and very high processing temperatures— 
which are not encountered in a studio or any other properly equipped 
darkroom. It also necessitates the carrying of chemicals and other 
additional equipment. It has, however, the advantage of revealing at the 
earliest possible moment whether satisfactory results have been obtained, 
and hence of allowing any necessary re-takes to be made with minimum 
inconvenience. This may be important when the photographer is not 
very certain of the condition of his photographic material or of the exposure 
required by local conditions. On the other hand it has frequently been 
claimed that perfectly satisfactory results are obtainable by processing film 
several months or even a year after exposure in the tropics, so long as the 
material is thoroughly dried out soon after exposure. It may even be 
desirable to delay processing of film until the return to a more temperate 
climate, so that any adverse effect of high temperature processing on 
graininess may be avoided. It should perhaps also be noted in comparing 
these two procedures that a photographer using film packed in sealed 
metal containers does not have to carry desiccating agents if he intends to 
process shortly after exposure. 


The following methods are recommended for desiccating film after 
exposure. Film which has absorbed only a small amount of moisture can 
be dried satisfactorily by re-packing in dried black photographic paper, 
and re-sealing in a metal can with two turns of adhesive tape around the 
lid joint. Only black photographic wrapping paper may be used in 
direct contact with the film, since most ordinary papers contain chemicals 
injurious to the emulsion surface. The wrapping paper should be dried 
before use, in an oven or over a fire. As it rapidly absorbs moisture from 
the film it should preferably be re-dried daily for the first few days after 
re-packing. Materials in moisture-permeable photographic wrappings 
may be kept dry by surrounding the package with as large a mass of dried- 
out cellulose material (such as newspaper, or even hay or straw) as possible. 
This acts both as a desiccating agent and as a thermal and moisture 
insulator. 


Silica gel (in 8 to 20 mesh grade) is a far more effective desiccating 
agent. It should be dried before use by heating to 400° F (205° C) or 
more, stirred and cooled in a closed container. It may be used con- 
veniently in the lower half of a two-compartment drying can, consisting of 
two film cans soldered bottom to bottom, and connected by perforations. 
One to two pounds are necessary to dry 1000 feet of 35 mm film com- 
pletely saturated with moisture (an extreme case), proportionately less 
being required for less saturated film. Rice (dried by heating to a faint 
brown) or dried tea leaves are also useful drying agents; five pounds of 


GN-5 8 


either will effect reasonable drying of 1000 feet of 35 mm film. These 
agents should be left with the film for several days, depending on the 
quantity of moisture in the film and the tightness of the roll. Any 
dehydrating agent other than paper should be separated from the film by 
a suitable membrane in order to prevent its dust from reaching the emul- 
sion. Either chamois or some finely woven fabric may be used and may 
be made up into a bag to contain the desiccating agent. These agents 
should not be used to dry film when the atmosphere is obviously dry. 
Chemical drying under these conditions may cause the film to become 
excessively brittle and it may crack or develop static marks during later 
handling. Excessive drying may also have a bad effect on papers. 


Although satisfactory as a desiccating agent, calcium chloride is not 
recommended because of its chemical activity and tendency to liquefy. 


If plates are to be re-packed after exposure and prior to processing, the 
card separators should be replaced to keep the surfaces apart; failure to do 
this may result in mechanical damage. 


Attention should be drawn at this stage to the danger of enclosing moist 
sensitized materials in completely sealed or even semi-sealed cans. This 
may cause even more damage than enclosing in a moisture-permeable 
package, while the fact that the material is enclosed in a can may give rise 
to a false sense of security. In addition, rapid cooling may be followed 
by the condensation of moisture droplets on the emulsion surface, which 
will cause a mottle to develop. 


In miniature cameras, where the exposed film is usually wound back 
into a closely fitting cassette, subsequent drying out of the film on being 
placed in a desiccating tin may be somewhat hindered and effects of the 
type referred to above may occur if the conditions of use in the camera are 
such as to allow the film to take up an appreciable amount of moisture. 
In such special cases, therefore, it may be safer, if possible, to take the 
spool out of the cassette before packing in a moisture-proof tin. 


EXPOSURE 


Guidance as to approximate exposures may be obtained from published 
tables such as the British Standard Exposure Tables issued by the British 
Standards Institution, or others issued by a reliable authority. Photo- 
electric exposure meters should also prove useful, but only those makes 
with particularly robust movements (this does not mean that they must 
necessarily be heavily constructed) are likely to stand up well to tropical 
conditions. Many writers have emphasised both the misleading exposure 
indications likely to be obtained with exposure meters in the tropics and 
the great difference produced by local conditions. The advice of photo- 
graphers acquainted with local conditions should, therefore, when possible, 
always be sought. If extensive photographic work in the tropics is 
planned, the development of a few test exposures is good insurance against 
major failures. It is usually sufficient to determine’a basic set of exposures 
which can be modified to suit other materials, subjects or conditions. 


Practical experience has shown that in many cases very little increase in 
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light value is experienced with sun elevations above 36°. In consequence, 
there is a tendency to under-estimate the exposure necessary, particularly 
in the middle of the day. This assumption does not hold, however, for 
open subjects such as open seascapes, landscapes with light sandy surfaces 
or views of very distant objects. With subjects at a closer range the correct 
exposure is strongly influenced by the illumination of the shadows. The 
moisture and dust content of the atmosphere is therefore important, 
because shadows are illuminated mainly by light reflected from particles 
suspended in the air except in cases where supplementary reflectors or 
lighting can be used. Thus, in regions where the atmosphere is very dry 
and clear, the shadows tend to be deeper than in temperate countries, 
particularly under foliage. A full exposure should be given to counteract 
this condition if any important areas of the picture are in the shade; 
double the normal or indicated exposure may be given. The film should 
then be developed to a lower contrast than is customary in temperate 
countries, except when the exposed film has been kept for a considerable 
time at a high temperature. Consideration should also be given to the 
time of day at which exposures are made. Heat shimmer is likely to be 
pronounced around mid-day and can cause bad definition. In addition, 
the trouble due to heavy shadows is aggravated by high sun altitudes, 
which also give a flat lighting most unfavourable for showing ground 
configuration. Morning or evening exposures will minimise these diffi- 
culties although subject contrast may still tend to be high. 

Regions of extremely high humidity, on the other hand, seem to call for 
a lower general level of exposure, since the moisture particles in the air 
reflect a considerable amount of light into the shadow areas. Under these 
conditions care must be taken to avoid over-exposure. Particularly large 
variations of exposure may be experienced with a change of altitude in 
mountainous country in tropical regions. 

Atmospheric conditions will also affect the choice of colour filters for 
cutting haze or improving the rendering of clouds. In humid tropical 
climates, penetration of the characteristic drapery of bluish haze will 
require a very deep yellow filter such as the ‘Wratten’ No. 15 (G) and on 
occasions even the red ‘Wratten’ No. 25 may be needed. Similarly a filter 
at least as deep as the yellow ‘Wratten’ No. 8 (K2) is needed to obtain good 
cloud effects. On the other hand, filters may be unnecessary for haze 
cutting in arid or semi-arid regions even for long-distance shots. 


PROCESSING 
General aspects 


When processing in the tropics the temperature of the solutions will 
often be relatively high, and this is liable to cause excessive swelling or even 
melting of the emulsion. Excessive swelling may cause the emulsion, 
particularly on plates, to strip or frill. Ifa developer containing carbonate 
is used for films and plates, blistering may be caused by the evolution of 
carbon dioxide on transferring the greatly swollen layer to an acid fixing 
bath: this difficulty, however, may be avoided by the use of ‘Kodalk’ as 
the alkali in the developer. Excessive swelling can also produce the 
crinkled configuration of the layer known as reticulation, which may be 
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coarse enough to be seen with the naked eye, or may be so fine that it is 
often mistaken for increased graininess. 


Greatly swollen layers also take much longer to dry, particularly in 
humid conditions, and contamination of the emulsion by dust or even 
growth of moulds is thereby encouraged. The risk of accidental damage 
is increased by the low mechanical strength of a heavily swollen emulsion 
layer, but may be lessened by the use of film hangers, plate racks, or other 
apparatus into which the exposed material is loaded while dry and thus 
receives no fingering until processing is completed. Difficulties due to 
excessive swelling occur mainly with plates and films, emulsions of which 
are generally thicker and less hard than those of papers. Papers can safely 
be processed in developers made up with carbonate. 


Humid tropical atmospheres affect not only the keeping properties of 
sensitized materials but also the permanence of the processed images, 
particularly on paper prints. Thus, if photographic records are required 
for more than a few months’ storage under tropical conditions, special 
precautions are needed either to achieve as complete hypo elimination 
from the layer as possible, or else to protect the image from the combined 
action of hypo residues and tropical storage conditions. Detailed proces- 
sing instructions for obtaining a reasonable degree of permanence are 
given in the Appendix. It is easier to produce permanent records on 
films and plates than on papers. In the case of nitrate films, however, 
decomposition of the base may cause negatives to fade on long storage at 
high temperatures or may cause the gelatin layer to become degraded and 
sticky. They should, therefore, always be stored in as cool and dry a 
place as possible. 


Another factor which may lessen permanence is the tendency of moulds 
to grow on all moist gelatin surfaces. This is lessened if the gelatin is 
thoroughly hardened, but is almost completely avoided by the use of 
a zinc fluosilicate solution immediately prior to drying. 


Processing at high temperatures also introduces some modification of 
the photographic characteristics of the material employed. Increased fog 
is obtained, together with a decrease in gamma. The fog can be lessened 
in many cases by adding from 0°02 up to 0-5 gramme (in extreme cases) of 
‘Kodak’ Anti-Fog Powder per litre of developer, as indicated by tests in each 
individual case. Loss of gamma may be particularly undesirable in the 
case of “process” materials normally used with special caustic developers, 
which are too alkaline for use at temperatures above 75° F (24°C). Fast 
negative materials often show an increase in graininess (quite apart from 
any reticulation effect) and reduced resolving power when processed at 
high temperatures. The coarser the intrinsic grain of the original material 
the more serious is this likely to be, but fine-grain, high-speed materials, 
such as ‘Panatomic-X’ Film, show a change which should only be signifi- 
cant in exceptionally great enlargements. 

The practical difficulty in the handling of dry photographic material, for 
instance, when making prints, is the rapidity with which the hands become 
wet with perspiration. It may be necessary to wash and dry the hands 
every few minutes to prevent results being disfigured by fingerprints. 
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Insects and reptiles also introduce certain hazards, and ordinary precau- 
tions must be taken against their entry into dark rooms. Insects such as 
mosquitoes are liable to settle on emulsion surfaces during drying and 
larger gelatin-eating insects such as cockroaches may damage considerable 
areas of negatives. 


Developing and fixing 


Vigorous agitation during development is advisable since this speeds up 
development, allowing a shorter time to be used with consequent lessening 
of swelling. Excessive swelling of the emulsion of films and plates may, 
within certain temperature limits, be prevented temporarily by loading 
the developer with a neutral salt such as sodium sulphate or more per- 
manently by using tanning agents such as formaldehyde in a pre-hardening 
bath and potassium or chrome alum in a fixing bath. In this connection 
it should be noted that hardening of the emulsion by the fixing bath is just 
as important as the clearing and fixing-out of the silver salts. The full 
recommended fixing times should therefore always be used even if the 
emulsion clears in much less than half this time. Formaldehyde should 
not be used in the developer as it causes fog. The hardening-fixing bath 
must always be used in the tropics. Chrome-alum fixing baths are prefer- 
able when the utmost permanence is required, but should preferably be 
used once only and then discarded since the hardening action deteriorates 
rapidly after use. The whole processing procedure must therefore be 
designed to prevent excessive swelling occurring at any stage prior to 
permanent hardening of the emulsion. These methods are beneficial if 
applied before excessive swelling has occurred but are relatively useless 
if applied after excessive swelling has taken place; in this case they may 
actually promote reticulation. For similar reasons uncontrolled changes 
of temperature from one solution to the next may result in more damage 
than if all the solutions were used at the same high temperature. 


The following considerations affect the choice of processing procedure. 
Wherever possible, it is very desirable to develop films and plates at a 
temperature of 75° F (24° C), or below. Obviously it will often be im- 
practicable to achieve this, and under field conditions it may be better 
to process at much higher temperatures on the spot than to risk occurrence 
of latent image fading by delaying processing until more favourable 
temperature conditions can be achieved. However, temperatures as low 
as 75° F (24° C) can often be achieved even with high shade temperatures 
when an adequate supply of cool water is available. The well-known 
method of cooling water by keeping it in porous (e.g., earthenware or 
canvas) vessels in (preferably) a cool breeze is often useful if no better 
means is available. Alternatively, enough cool water or ice may be 
available to cool the processing solutions but not the wash water. We 
can thus distinguish between three main cases which fulfil the requirements 
set out above. 


| All solutions and the wash water are kept down to 75° F (24°C). In 
this case, no special precautions are necessary and the ordinary recom- 
mended solutions and procedure can be applied. 
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2 The processing solutions are all kept down to 75° F (24° C), but the wash 
water 1s at any temperature betwcen 75° F (24°C) and, say, 85° F (29° C). 
In this case, it is only necessary to ensure that hardening in the fixing bath 
is adequate and that washing time is not excessive. 


3 All solutions, as well as the wash water, are at a temperature higher than 
75° F (24°C). Where the processing solutions are at a temperature 
between 75° and 85° F (24° and 29° C) and the wash water at a similar 
temperature, most ordinary developers may be used if loaded with sodium 
sulphate, followed by the Tropical Hardening Stop Bath SB.4. With 
solutions and wash water all at temperatures between 85° and 105° F (29° 
and 41° C) it is usually recommended that a preliminary hardening bath 
be used in conjunction with a loaded developer; the hardening stop bath 
SB.4 is then omitted. These methods are described in greater detail 
in the Appendix; for more precise information on any given sensitized 
material or group of materials, application should be made to Kodak 
Limited. 

Photographic papers in general do not need special precautions to avoid 
swelling but care should be taken to avoid development fog (see Appendix). 


During the development of films or plates, they should, as far as possible, 
be kept under the surface of the developer. This is advisable since 
processing at high temperatures is likely to favour the formation of aerial 
fog. In addition, with some methods of processing, such as the ‘‘see-saw” 
method used for roll films, the actual temperature at which most of the 
development occurs may be quite different from the temperature of the 
developer in the dish. This makes the operation very difficult to control. 


Finally it should be noted that development in the tropics is likely to 
show considerable variations, particularly if the materials are not quite 
fresh. When a number of films or plates are to be processed, therefore, 
the first one developed should be examined before starting on the others, 
and if the contrast obtained is found to be either too low or too high, the 
time should be increased or decreased accordingly. Ifa decrease necessi- 
tates the use of an inconveniently short development time, effective 
development may be decreased by doubling the times of immersion in the 
preliminary hardening bath. 


Washing and drying 


The washing of films and plates at tropical temperatures causes further 
swelling but if the precautions suggested above are complied with, a 
washing time of not more than 30 minutes at 85° F (29° C) may be given 
safely. If records of the highest possible archival permanence are re- 
quired, the dried materials may be re-washed later (as described in the 
Appendix) when conditions are more favourable. In this connection it 
should be mentioned that when a hardened emulsion layer is dried down 
for any appreciable time an irreversible hardening occurs which renders 
it much more resistant to excessive swelling during any subsequent treat- 
ment. Some workers take advantage of this effect by giving the material 
only a very brief rinse after fixing and before drying. The rinse need only 
be sufficient to prevent hypo crystallising out when the emulsion dries 
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down. This method is quite safe if the material can be re-washed 
(preferably also re-fixed) within a few days, and has certain practical 
advantages. If, in spite of all precautions, during the early stages of 
processing, a film appears to be swollen to a dangerous extent while still 
in the fixing bath this may be the only convenient method of preventing 
reticulation. Failure to re-wash the negatives within a few days may, 
however, allow serious fading of the developed image to occur. 


Either the use of Kodak ‘Photo-Flo’ Solution as a final rinse, or wiping 
down with a viscose sponge or chamois leather will help remove the surface 
film of water from the emulsion, thus speeding up drying and preventing 
the formation of water spots. Wiping down of the emulsion before drying 
also removes surface dirt but must be done gently and requires some 
judgment and practice. The following points should be considered. If 
the emulsion is very soft or if appreciable frilling or stripping is apparent, 
any wiping should be avoided, but in this case the wetting agent will help 
the negatives to drain rapidly. More robust layers may be given gentle 
swabbing or wiping under water, with a viscose sponge, chamois leather 
or cotton-wool swab. This helps to detach most of the dirt from the 
emulsion surface. When hung up to dry, both sides of films or the 
emulsion sides of plates may be wiped down with a leather to remove the 
film of liquid from the surface. The necessity of removing surface dirt by 
swabbing is particularly great in the case of Maximum-Resolution Plates, 
and of appreciable importance with miniature, especially 35 mm, negatives. 
When chrome alum is used, as in the SB.4 stop bath or in the fixing bath, 
a scum may form on negatives, which must therefore be wiped down 
particularly carefully. 


The drying of processed materials is often rendered difficult by the high 
humidity of the surrounding air. Under extreme conditions it may be 
found impracticable to raise the temperature of the air during the initial 
stage of drying because of the risk of melting the gelatine. In these cases 
drying can be accelerated either by keeping the air moving rapidly or by 
using spirit. The material may be bathed for up to five minutes in a 
mixture of water and industrial (or surgical) spirit just before drying. 
With plates and most films, a mixture of seven parts of spirit with three 
parts of water can be used safely. Films with thin base or with no non- 
curl layer (usually cine, aero and miniature film) should be treated care- 
fully to avoid damage to the base and in these cases it is safer to use a spirit 
bath not stronger than equal parts by volume of spirit and water. In the 
final stages of drying the air temperature may be raised considerably since 
gelatin in the nearly dry condition is not likely to melt. The dried films 
or plates should be transferred immediately to storage envelopes or cans 
so as to hinder re-absorption of moisture as the material cools. 


Prints on single or light-weight paper base may, if necessary, be dried 
very rapidly by soaking in undiluted spirit and hanging in a current of air. 


Although the use of alcohol will usually halve the drying time required 
it precipitates zinc fluosilicate and these treatments cannot be given at the 
same time. Thus, if negatives or prints which have been dried with the 
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aid of alcohol are to be stored under humid conditions, they should, when 
conditions are more suitable for drying, be soaked in zinc fluosilicate 
solution and dried without the aid of alcohol. This treatment may be 
combined with any re-fixing, hypo elimination, or toning treatment it is 
decided to employ, to ensure results of maximum (archival) permanence 
(see Appendix). 

During drying, negatives should be protected from insects or coarse dirt 
by the use of gauze or mosquito netting. Protection from cockroaches 
may be effected by hanging films from a wire. 


Choice and storage of photographic chemicals 

All processing chemicals carried in the solid state should be kept as dry 
as possible and well away from sensitized materials, but certain chemicals 
need particular care. Some chemicals, such as ammonium thiocyanate, 
potassium carbonate, sodium hydroxide (caustic soda), potassium 
hydroxide (caustic potash) and sodium sulphide, take up water from the 
air, first becoming moist and then dissolving into a liquid. These should 
be kept in corked bottles with the neck dipped in melted paraffin wax. 
On the other hand, some chemicals such as the crystalline forms of sodium 
carbonate (10 H,O) and sodium sulphate (10 H,O) tend to lose water of 
crystallization and become powdery. Alkalis such as sodium hydroxide, 
potassium hydroxide and, in moist atmospheres, ‘Kodalk’ will, however, 
Keep sufficiently well in the original covered container. 

All these changes complicate the use of the chemicals, which should 
therefore be protected from free access of air as much as possible. 


For processing under difficult “ field ” conditions, the anhydrous forms 
of chemicals are generally preferable to crystalline. Usually only half the 
weight and a considerably smaller bulk need be carried. Monohydrated 
sodium carbonate is less affected by the atmosphere and it is stated to have 
less tendency than the anhydrous to cake on mixing with water. Experi- 
ments have shown, however, that with only moderate care in storage the 
anhydrous salt is in no way interior to the monohydrate, whilst 17 per cent 
more of the latter salt has to be used. Anhydrous sodium sulphite is much 
less prone to oxidation than the crystalline form. 

Compounded packed processing chemicals are prepared by photo- 
graphic manufacturers in special containers for tropical use. When 
ordering such chemicals in temperate countries the user should, therefore, 
always emphasise that they are required for tropical regions. 


Preparation of solutions under field conditions 

Some of the recommendations given in this section apply in particular 
where operations are being carried out under crude field conditions but 
are worth keeping in mind even when reasonably good storage and dark- 
room facilities are available. 


Measurement of Chemicals: For best quality and reproducibility it is 
desirable to weigh out and measure the constituents of solutions to within 
1 per cent. Where facilities for weighing are crude or chemicals are of 
doubtful purity, tolerable results are given by most solutions with variations 
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of 10 to 20 per cent in the quantities, and even much larger variations may 
give acceptable results, though a preliminary practical test of the perform- 
ance should be made. The problem of accuracy is obviated if prepared 
developer and other packages are available. 


The following methods may be used for estimating weights and measures 
roughly in the field. 


Containers such as developing tanks, bottles, cans, watertight boxes and 
mess kit such as spoons and cups may have their volume measured, and 
then be marked indelibly. Small volumes of liquids may be measured by 
drops, and a general average of 20 drops per cc may be assumed. This 
is only a very rough measure, however, as the size of the drop depends on 
many uncontrolled factors. The weight of solid chemicals may be 
roughly estimated from the volume they occupy when poured into a 
graduate and packed by tapping. 


The table opposite gives some approximate figures for the volume of some 
solid chemicals. It is important to note, however, that the volume per 
unit weight of any chemical varies according to the shape and size of the 
particles, and the operator should preferably determine the appropriate 
figure for himself for each consignment or sample he has to use. 


Chemicals used in only very small amounts should be made up to give 
stock solutions of suitable strength, such as 10, 1, 0°1 or 0°01 per cent. 


Dissolving the Chemicals : When the solutions are required immediately, 
two procedures are possible: (1) dissolve the chemicals in the smallest 
possible volume of hot water (125° F) (52° C) and then dilute with cold 
water, or (2) dissolve the chemicals in almost the complete volume of 
water at the working temperature, finally making up with extra water to 
give the correct volume. Procedure (1) is rapid but should only be used 
when it is possible to add water cool enough to bring the solution to the 
working temperature. 


When hypo crystals are dissolved in water the temperature of the solu- 
tion drops considerably and care should be taken, if it is used immediately 
after mixing, to note that there is no great divergence of temperature 
between it and other processing solutions. This may be avoided by 
dissolving the hypo in hot water. 


Water Supply: Although distilled water is ideal for the preparation of 
solutions it is neither readily obtainable nor essential. Natural water may 
contain as impurities (1) soluble salts, (2) suspended matter and (3) dis- 
solved gases. Calcium and magnesium salts are the most important and 
are found in almost all water except rain water. They cause cloudiness of 
freshly prepared developer, sometimes resulting in the formation of a 
white irregular scum on the surface of the film which, however, is removed 
in fresh acid fixing baths, but it is better to lessen the risk of occurrence 
by allowing the sludge to settle, decanting, and then using the clear liquid. 
The addition of one to five grammes of sodium hexametaphosphate per 
litre (35 to 175 grains per 80 oz) to the water to be used for making up the 
developer, will largely prevent the cloudiness and scum, but may itself 
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APPROXIMATE VOLUME OF SOLID CHEMICALS 


Chemical State Volume of 100 grammes 


Borax: te ae eS Crystals 115 cc 
Boricacid . . . .... Crystals 110 cc 
Metol (‘Elon’) . B Bie os Fine crystals 150 cc 
Hydroquinone . eo Fine crystals 160 cc 
Hypo... . : Pea crystals 95 cc 
Potassium alum... é Fine crystals 100 cc 
Potassium chrome alum . j Fine crystals 105 cc 
Potassium bromide . . . . Crystals 70 cc 
Sodium metabisulphite . . . Crystals 85 cc 
Sodium carbonate (anhyd.). . Powder 140 cc 
Sodium sulphate (anhyd.) . . Powder 75 cc 
Sodium sulphite (anhyd.) . . Powder 65 cc 





cause scum if the developer is kept for long periods. It is important that 
the sodium hexametaphosphate be dissolved before the developer chemi- 
cals. It may be necessary to rinse thoroughly between developing and 
fixing to avoid precipitation of aluminium phosphate by sodium hexameta- 
phosphate carried over into the fixing bath. Soluble sulphides and copper 
and zinc salts are rarely found in natural waters, but when present will 
cause severe fogging. Water contaminated by mining or industrial wastes 
is to be avoided. Suspended mineral and vegetable matter is found in 
many sources and may cause spots on the film. Filtration will remove 
coarse particles but not the suspended matter. Boiling the water will 
coagulate this, or if the developer is prepared hot and allowed to cool 
overnight the suspended matter will settle out and the clear decanted liquid 
may be used. Any coagulated matter which rises to the surface should be 
skimmed off with blotting paper or absorbent cloth. 


The chlorine content of drinking water which has been treated with 
chloride of lime is so low that it may safely be used for photographic 
purposes. There is, however, no need to sterilize water used for process- 
ing. 

Sea water or brackish waters may be employed for preparing developers 
but may produce a heavy sludge after a few minutes’ standing. This 
should preferably be allowed to settle. A speed loss of 50 per cent may 
be experienced if fast films are being developed in low-energy developers 
such as D.76 made up with sea water, but other more energetic developers 
are not likely to show appreciable loss. Salt water is entirely satisfactory 
for making up an acid hardening-fixing bath. Films and prints can be 
safely washed in sea water, since hypo is actually removed from photo- 
graphic materials more rapidly by sea water than by fresh water. Washing 
in sea water should, however, be followed by a rinse in each of two or even 
three changes of fresh water to remove the residual salts which would 
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otherwise accelerate the fading of the image. Alternatively, the material 
might in an emergency be dried without the fresh water rinses and re- 
washed in fresh water within a few weeks. 


Potash alum efficiently coagulates suspended matter in muddy water. 
About 9 grains are added per 80 oz (0-25 gramme per litre) and, after 
settling, the clear water is drained off. This amount of alum is insufficient 
to interfere with developers and other photographic solutions made up 
with such water. Fixing baths can be made up with muddy water if alum 
is added; they should clear on standing. Hydrogen sulphide is the only 
troublesome dissolved gas which is likely to be encountered, and it may 
cause severe fog if present in the water used for making up developers. 
Sulphurous water used for developers should, therefore, always be boiled, 
to drive off gases and to coagulate suspended sulphur. 


PROTECTION AND STORAGE OF NEGATIVES AND PRINTS 


In general, negatives and prints are not so susceptible to their conditions 
of storage as are the sensitized materials. In all cases the humidity should 
be neither excessively high nor excessively low. For greater permanence, 
high temperatures should be avoided, but in some cases, where the imme- 
diate physical condition of the material is more important than its perma- 
nence, it may be advantageous deliberately to raise the air temperature 
over a limited period as a means of reducing the relative humidity and 
thereby the moisture content of the material. High temperatures and 
humidity accelerate the deterioration of images which have not been 
specially stabilised in processing, and encourage the growth of moulds. 
These same conditions, particularly if accompanied by poor ventilation, 
favour the gradual decomposition of nitrate film base. Excessive heat and 
dryness, on the other hand, may render paper prints brittle by degradation 
of the paper base. Thus, in general, negatives and prints should be 
stored in moderately cool and fairly dry conditions, and in addition good 
ventilation is particularly desirable in the case of nitrate film materials. 
They should be inspected periodically so that corrective treatment can be 
applied or reproductions made before deterioration has gone too far. The 
permanence of negatives and prints, even of those not processed ideally, 
may be greatly increased by the use of a suitable spirit varnish. The 
permanence of prints is greatly improved by the hypo alum or selenium 
toning treatments given in the Appendix, and may be further improved 
by varnishing on both sides. Most paste adhesives are hygroscopic, and 
should not, therefore, be used for mounting prints to be kept in the tropics; 
dry-mounting tissue should be used for permanence. Negatives which 
may have to be kept for many years may also be selenium-toned with 
advantage. 


Reels of processed cine film, and particularly release prints which may 
be projected several times daily, introduce a special problem. If the 
loosely coiled turns of film are exposed to a high humidity, the consequent 
swelling of the gelatin layer may cause the turns of the film to distort into 
kinks or even to take up a polygonal form on the reel; the swelling may be 
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SO great as to cause the film to become tacky on sudden heating-up in the 
projector gate. Both these effects lessen the ease of projection and may 
lead to severe damage of the film. The use of desiccators in the film cans 
will reduce the trouble, but may be inconvenient under these conditions 
of use. The difficulty may be largely avoided by sealing the film up in a 
can while still warm from the projector; the can should be sealed with 
two turns of adhesive tape. Alternatively, if it is unavoidable that the 
film takes up moisture and if its immediate physical condition is more 
important than its permanence, the reel may be stored in a large box with 
ample air space, the temperature of which is maintained at about 20° F 
(11° C) above atmospheric conditions by electrical heaters; this (provided 
the box is large) reduces the relative humidity of the air in contact with 
the reel and will greatly lessen the risk of deterioration for projection 
purposes even though such storage conditions would not be suitable for 
use over very long periods. 
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APPENDIX 


PROCESSING PROCEDURES FOR ‘KODAK’ FILMS AND PLATES 


The outlines of recommended practices are here given for two ranges 
of solution temperatures: the normal procedure for solution temperatures 
of 75°-90° F (24°-32° C), and the special procedure for use with solution 
temperatures up to a maximum of 105° F (41° C). Most tropical users will 
find their needs sufficiently well catered for by the first procedure. If, 
however, conditions warrant the adoption of the second procedure, it will 
be found most satisfactory at the higher temperatures of its range; it may, 
however, also be used at the lower temperatures when it is inconvenient 
to change the processing solutions. 

Under atmospheric conditions other than the very humid, the useful 
temperature range of the normal procedure may be increased to 95° F 
(35° C) by strengthening the Hardening Stop Bath SB.4 by dissolving 
the quantities of chemicals recommended normally for making 80 oz 
(1000 cc) of the Hardening Stop Bath SB.4 to form 60 oz (750 cc) of 
working bath. 

No attempt should, however, be made to begin processing if beforehand the 
emulsion is found to be very swollen through contact with a humid atmosphere 
and if at the same time solution temperatures are likely to exceed 85° F 
(29° C). 

The Technical Advisory Department of Kodak Limited will supply on 
request recommendations for the processing of special material, or materials 
used for specialised purposes. For the tropical processing of X-ray films 
see Data Sheet XR-8. 

Kodak negative materials are divided into five groups according to their 
normal times of development :— 

Group 1: P.2000 Plate. 

Group 2: ‘Ortho-X’ Sheet Film. ‘Tri-X’ and ‘Panatomic-X’ Roll Films. 
‘Tri-X’ and ‘Plus-X’ Miniature Films. 

Group 3: ‘Panchro-Royal’, ‘Super-XX’, ‘Plus-X’ and Commercial Ortho 
Sheet Films. ‘Verichrome’ Pan Roll Film. 

Group 4: ‘Panatomic-X’ Miniature Film. P.1600, P.1200, and O.800 
Plates. 

Group 5: Commercial Fine-Grain Sheet Films. P.300, 0.250, B.60, 
and B.40 Plates. 


Normal procedure for solution temperatures 75°-90° F (24°-32° C) 

(a) Development: For all normal purposes, Tropical Developer DK.15 
should be used undiluted for the times (in minutes) specified below for 
the relevant temperature :— 


Temperature Group | Group 2 


75° F (24° C) 10 


80° F (27° C) 74 
85° F (29° C) 5 
90° F (32° C) 33 
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These development times are for development with intermittent agita- 
tion (thorough but brief agitation at one-minute intervals). Owing to 
the variations in contrast obtained by varying agitation during develop- 
ment, the times quoted may need to be modified. 


For dish development reduce these times by about one-fifth. 


Where, however, it is impossible or undesirable to use DK.15, most 
normal developers may be made suitable by the addition of 8 oz (105 
grammes) of sodium sulphate (cryst.) to each 80 oz (1000 cc) of the working 
solution. The time known to produce a certain gamma value at 68° F 
(20° C) or 65° F (18° C), for each individual material in a normal non- 
sulphated developer should be referred to column 1 or 2 in the table below, 
and the required development time will be found in the appropriate 
temperature column for the same developer after the addition of the 
sulphate. 


Normal Development Time 
(minutes) in non-sulphated Calculated Development Time (minutes) in sulphated developer 
developer at:— 


65°F (18°C) | 68°F (20°C) | 75°F (24°C) | 80°F (27°C) | 85°F (29°C) | 90°F (32°C) 





(b) Hardening : Use the Tropical Hardening Stop Bath SB.4 for three 
minutes. This bath should not be stored longer than 24 hours after it has 
once been used; before use it may be stored for at least one month. 


(c) Fixing: Use the Tropical Acid Hardening-Fixing Bath F.5 or 
‘Kodak’ Acid Fixing Salt with Hardener for one of the times given below. 


In order to secure sufficient hardening the time of immersion in the 
fixing bath must be prolonged in accordance with the temperature of the 
washing water as follows :-— 





Temperature Time 
75°- 90° F (24°-32° C) 10 minutes 
90°-105° F (32°-41° C) 20 minutes 





The fixing bath should not be used for more than the equivalent of 
20 square feet of material per gallon (2 square metres per 5 litres). 
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(d) Washing : If running water is available wash for the maximum times 
that can be accommodated while not exceeding the times given below:— 












Temperature Time 











30 minutes 
20 minutes 


75°- 90° F (24°-32° C) 
90°-105° F (32°-41° C) 





Where no running water is available, immerse the fixed material for 
five minutes in each of three changes of still water, allowing 15 oz (450 cc) 
per square foot of the material for each change. 


Where it is found that the emulsion surface is very soft or tender, the 
processed material should be given only a 2-3 minute wash in still water; 
this will be just sufficient to prevent crystallisation of the residual hypo on 
drying. Within two or three days, however, the material must be normally 
fixed (as above) and washed, or alternatively given the “ Re-fixing Treat- 
ment” outlined on page 24 (in small type), if it is intended that it shall be 
retained. 


Special procedure for solution temperatures up to 105° F (41° C) 
(a) Preliminary Hardening: Use a solution of ‘Kodak’ Tropical Pre-Development 


Liquid Hardener for the time and at the dilutions shown below, according to the 
temperature :— 


Temperature Dilution 


75°— 90° F (24°-32° C) (+7 
90°-105° F (32°-41° C) (+4 


3 minutes 





(b) Rinse : Rinse in water for 30 seconds. 
(c) Development: For all normal purposes, Tropical Developer DK.15 should 


be used undiluted for the times (in minutes) specified below for the relevant 
temperature :— 


Temperature Group | Group 2 Group 3 Group 4 Group 5 


75° F (24° C) 
80° F (27° C) 


85° F (29° C) 
90° F (32° C) 
95° F (35° C) 

100° F (38° C) 

105° F (41° C) 





These development times are for development with intermittent agitation 
(thorough but brief agitation at one-minute intervals). Owing to the variations 
in contrast obtained by varying agitation during development, the times quoted 
may need to be modified. 


For dish development reduce these times by about one-fifth. 


(d) Rinse : Rinse in water for 10 seconds, 
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(e) Fixing: Use the Tropical Acid Hardening-Fixing Bath F.5 or ‘Kodak’ X-ray 
Acid Fixing Salt with Hardener for one of the times given below according to the 
temperature of the washing water :— 


Temperature Time 


75°- 90° F (24°-32° C) 10 minutes 
90°-105° F (32°-41° C) 20 minutes 





The fixing bath should not be used for more than the equivalent of 20 square 
feet of material per gallon (2 square metres per 5 litres). 


(f) Washing : If running water is available wash for the maximum times that can 
be accommodated while not exceeding the times given below :— 


Temperature Time 


75°- 90° F (24°-32° C) 30 minutes 
90°-105° F (32°-41° C) 20 minutes 





Where no running water is available, immerse the fixed material for five minutes 
in each of three changes of still water, allowing 15 oz (450 cc) per square foot of the 
material for each change. 


Where it is found that the emulsion surface is very soft or tender, the processed 
material should be given only a 2-3 minute wash in still water; this will be just 
sufficient to prevent crystallisation of the residual hypo on drying. Within two 
or three days, however, the material must be normally fixed (as above) and washed, 
or alternatively given the “‘ Re-fixing Treatment ” outlined on page 24 (in small 
type), if it is intended that it shall be retained. 


PROCESSING PROCEDURE FOR ‘KODAK’ PAPERS 

For the temperature range 75° F (24°-35° C) no special hardening is 
necessary and procedure should follow these general recommendations. 
Details of procedures for special papers and developers can be supplied 
by Kodak Limited. 

(a) Development : For normal purposes use ‘Kodak’ Special Developer 
D.163 diluted one part to three parts water, for the times (in seconds) 
specified below according to the temperature and the type of paper :— 


Type of Paper 


Temperature 
Bromide and ‘Bromesko’ 


75° F (24° C) 60 


80° F (27° C) 45 
85° F (29° C) 35 
90° F (32° C) 25 
95° F (35° C) 20 





(b) Rinse : Rinse in running water for 10 seconds. 
(c) Fixing : Fix for 5-10 minutes in each of two successive baths of 
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‘Kodak’ Acid Fixing Salt with Hardener. The prints should be kept well 
separated in these baths and the fixing time should never exceed 15 
minutes in each bath. The first bath should not be used for more than 
the equivalent of thirty 10 x 12-inch sheets per gallon, at which stage, or 
before, the second bath should replace the first and a fresh second bath 
brought into use. 


(d) Washing: Wash single-weight or light-weight prints for 40 minutes, 
and double-weight prints for 60 minutes. The water flow should be 
rapid and care should be taken that the prints are kept well separated. 


When no running water is available, immerse the fixed prints for five 
minutes in each of 6-12 changes of still water, allowing 15 oz (450 cc) 
per square foot of the material for each change. 


(e) Drying : The usual drying technique, with drum or flat-bed glazers, 
will be found to be quite satisfactory, but scrupulous maintenance of the 
drum and cloth is essential; ample water should be used when the prints 
are laid down. Otherwise, prints should be dried in a dry, dust-free 
atmosphere. 


TREATMENTS FOR IMPROVING THE PERMANENCE 
OF NEGATIVES AND PRINTS 


Re-fixing treatment for films and plates 


If it is desired to obtain records of maximum (archival) permanence, the film or 
plate should be given the treatment outlined below within 21 days of processing. 
This treatment, which is best undertaken at about 75° F (24°C) considerably 
improves the permanence of the image. 


(a) Initial Soak : Immerse in water or preferably a solution of ‘Kodak’ Wetting 
Agent, 1 part to 1000 parts of water, for 5 minutes. 


(b) Fixing: Use freshly prepared Tropical Acid Hardening-Fixing Bath F.5 or 
‘Kodak’ X-ray Acid Fixing Salt with Hardener for 10 minutes. 


(c) Washing: Wash for 30 minutes in running water. 


(d) Hypo Elimination: Soak in 0-03 per cent (by volume) solution of -880 
ammonia for 5 minutes. 


(e) Washing : Wash for 5 minutes. 


(£) Fungicide Treatment: Immerse in a 1 per cent solution of zinc fluosilicate 
for 2 minutes before drying. 


Treatments to improve permanence of prints 


Because, by straight fixing and washing, it is impossible to eliminate the thio- 
sulphate complexes adsorbed to the paper fibres of the prints, images formed of 
developed silver may fade under extreme tropical conditions. Where prints are 
required for archival records, two alternative methods are available for improving 
their permanence. The first is to eliminate the hypo by chemical treatment: the 
second is to convert the silver image to a more stable compound. The former 
method retains the original silver image without modifying its colour, whereas the 
latter will generally modify the image colour but is rather simpler to apply. Both 
mecioce may be used either immediately after washing or after the print has been 

ried. 
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Treatment for obtaining permanent black-and-white-prints 


To eliminate hypo from paper fibres it is necessary to use the hypo eliminator 
HE.1, which, however, is not very stable at temperatures above 80° F (27° C). 
The treatment described below therefore, should only be given at temperatures not 
above 75° F (24°C). If this temperature cannot be attained when the prints are 
first processed, the recommended treatment, including fixing, should be applied 
in full as a re-treatment as soon as more favourable conditions prevail. Since the 
success of the treatment depends upon the complete removal of adsorbed thio- 
sulphate complexes, extreme care must be taken to ensure that prints which have 
been given the hypo elimination treatment do not subsequently come into contact 
with hypo-contaminated fingers or surfaces such as bench tops, drying racks, 
blankets of drying drums, etc. When prints in a large quantity are to be treated, 
special equipment should be reserved for washing and drying. 

(a) Fixing Bath: Following the treatments in the two fixing baths as outlined 
on page 24, either with or without subsequent drying, immerse the material for 
5-10 minutes in the following fixing bath: 


Metric Avoirdupois 
100 grammes Sodium thiosulphate (hypo cryst.) . 8 ounces 
1000 cc Watertomake ..... . . . 80 ounces 


The prints should be kept well separated in all three fixing baths and the fixing 
time should never exceed 15 minutes in each bath. 

(b) Wash : Wash single-weight or light-weight prints for 40 and double-weight 
prints for 60 minutes. The rate of change of the water in the tank should be 
at least 25-30 times per hour and great care must be taken to keep the prints well 
separated during washing. 

(c) Hypo-Elimination Treatment: Immerse the material in Hypo Eliminator 
HE.1 for 5-10 minutes. The hypo eliminator should not be used for more than 
thirty 10 x 12 inch sheets per gallon, nor stored longer than 24 hours in the mixed 
condition. 

(d) Wash: Wash single-weight or light-weight prints for 10 minutes, and 
double-weight prints for 15 minutes. 


Treatments for obtaining permanent toned prints 


By converting the silver of the image to a stable silver salt such as silver sulphide 
or selenide, permanent toned prints may be produced. This treatment is simpler 
to apply than hypo elimination and prints so treated are not likely to be affected 
by subsequent accidental contamination with hypo. 

Selenium toning, using the selenium toner (formula T.55), produces only a 
negligible change in image colour and with a print which has received normal 
processing gives a permanent image. Sulphide toning with the hypo-alum toner 
(formula T.51) has the advantage that washing need not be very thorough, since 
hypo is a constituent of the toning bath. However, this process always produces 
a sepia-toned print. Both solutions are somewhat difficult to compound, but keep 
well when once made up. 


(i) Selenium Toning 
(a) Fix. Fix normally, using two baths in succession. 
(b) Wash. Wash in running water as when using the hypo-elimination treatment. 
(c) Tone. Tone in ‘Kodak’ Selenium Toner (formula T.55) for 3-10 minutes. 
(d) Wash. Wash single-weight or light-weight prints for 40 minutes and double- 
weight prints for 60 minutes in running water. 


(ii) Sulphide Toning 

(a) Fix. Fix normally, using two baths in succession. 

(b) Wash. Wash in running water for 10 minutes. 

(c) Tone. Tone in the hypo-alum toning bath (formula T.51) at 130° F 
(54° C) for 20-30 minutes, depending upon the grade of paper, 
until the image is completely toned. The toning solution may be 
stored and used repeatedly. 

(d) Spongc. Sponge in lukewarm water at 110° F (43° C), to remove any sediment. 

(e) Wash. Wash single-weight or light-weight prints for 40 minutes, and 
double-weight prints for 60 minutes in running water. 
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FORMULAE 


‘Kodak’ Tropical Pre-development Liquid Hardener 


Available from Kodak Limited in concentrated solution form. 


Tropical Developer DK.15 


Metric 


5:7 grammes . 
90:0 grammes . 
22:5 grammes . 

1-9 grammes . 
105-0 grammes . 


1000 cc 


‘Elon’ 

Sodium sulphite anya ” 
‘Kodalk’ 

Potassium bromide 
Sodium sulphate (cryst.) . 
Water to make . 


Dissolve the chemicals in the order given. 


‘Kodak’ Special Developer D.163 


Avoirdupois 
200 grains 
7 ounces 90 grains 
| ounce 335 grains 
67 grains 
8 ounces 175 grains 
80 ounces 


Metric Avoirdupois 
22 grammes . ‘Elon’ 80 grains 
75:0 grammes . Sodium sulphite (anhyd: ) 6 ounces 


17-0 grammes . 
65:0 grammes . 
2°8 grammes . 


1000 cc 


Hydroquinone : 
Sodium carbonate (anhyd.) 
Potassium bromide 
Water to make . 


Dissolve the chemicals in the order given. 


| ounce 160 grains 
5 ounces 80 grains 
100 grains 

80 ounces 


Available from Kodak Limited as a fully compounded chemical or in concentrated 


solution form. 


Tropical Hardening Stop Bath SB.4 


Metric 


1000 cc 


30 grammes . 
140 grammes . 


Water 
Potassium ehhaiie SlGin 
Sodium sulphate (cryst.) . 


Tropical Acid Hardening-Fixing Bath F.5 


Metric 


240-0 grammes . 
15:0 grammes . 


I7 cc 


Sodium thiosulphate (hypo cryst.) . 


Sodium sulphite (anhyd.) 
Acetic acid (glacial) 


Avoirdupois 
80 ounces 
2 ounces 175 grains 
Il ounces 90 grains 


Avoirdupois 
19 ounces 90 grains 
| ounce 90 grains 
| ounce 120 minims 


7-5 grammes . Boric acid . 260 grains 
15:0 grammes . Potassium alum . | ounce 90 grains 
1000 cc Water to make . 80 ounces 
Dissolve the chemicals in the order given. 
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‘Kodak’ Acid Fixing Salt with Hardener (alternative to F.5) 
Available from Kodak Limited, as a fully compounded chemical. 


Hypo Eliminator HE. 


Metric Avoirdupois 
500 cc . Water, 2-2 os. bi Feces ae - 40 ounces 
125 cc . Hydrogen peroxide 3% solution 
(10 vol. solution as purchased) 10 ounces 
100 cc . Ammonia (3% solution) . : 8 ounces 
1000cc . . . Water to make . . . ; . . . . 80 ounces 


Mix just before use and store in an unstoppered container. To make 3% ammonia, 
dilute nine parts of 880 ammonia to make 100 parts of solution. 


Hypo-Alum Toning Bath T.51 

To prepare the hypo-alum toning bath, dissolve 16 ounces (200 grammes) of hypo 
in 80 ounces (1000 cc) of hot water, then add 34 ounces (44 grammes) of ordinary 
potassium alum; stir well and boil for 2 or 3 minutes; cool down to about 150° F 
(65° C) and add the following silver ripener. 

Dissolve 20 grains (0°5 gramme) of silver nitrate in | ounce (15 cc) of water and add, 
drop by drop (-880) ammonia with vigorous stirring until the precipitate first formed 
is just re-dissolved, and stir the solution so formed into the hypo-alum mixture. 
In a further ounce (15 cc) of water dissolve 30 grains (| gramme) of potassium iodide; 
add this also to the hypo-alum mixture and stir well. 

This bath can be used repeatedly. It may be kept up to its original bulk by the 
occasional addition of fresh solution, being discarded when it ceases to tone 
satisfactorily. 

Prints for toning by this method should be briefly rinsed in water, after being fixed 
and soaked for 10 minutes in a saturated solution of potassium alum, rinsed and then 
toned at a temperature not exceeding 140° F (60°C). After toning, sponge the 
prints with lukewarm water to remove sediment, and wash as usual. 


Selenium Toner T.55 


Metric Avoirdupois 
150 grammes . . . Sodium sulphite (anhyd.) . . . 12 ounces 
6 grammes . Selenium powder ..... . 210 grains 
190 grammes . Ammonium chloride . . . . 15 ounces 
1000 cc. . . . . Watertomake . . . . . . . 80 ounces 


Dissolve the sulphite in about 60 oz (700 cc) of hot water, then add the selenium 
powder and boil for approximately 30 minutes. Any remaining insoluble matter 
should be filtered off. Allow the solution to cool, then-add the ammonium chloride 
and stir until it is dissolved. Finally make up to the required bulk with cold water. 


For use dilute one part stock solution with five parts of water. 
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MAKING MONOCHROME NEGATIVES FROM 
35 mm COLOUR TRANSPARENCIES 


IT is frequently required to make monochrome copy-negatives from 
positive colour transparencies so that black-and-white prints may be 
produced. 


It is possible to make these copy negatives either by contact or by 
projection, and printing by contact is generally preferred when a strip of 
negatives is required. As this is an elementary strip-film printing 
technique, however, it is not discussed in detail here. Further infor- 
mation on the method may be found in Data Sheet GN-4, and on a 
suitable material, ‘Panatomic-X’ Miniature Film, in Data Sheet FM-51. 


Particularly when any spotting, retouching, etc., is to be undertaken, 
it is recommended that the negative enlargements be made by projection 
in an enlarger, which should be of precision type fitted with a high-grade, 
colour-corrected, enlarging lens, e.g., the ‘Kodak’ Precision Enlarger. 
Some form of hood may need to be improvised to ensure that no stray 
light can escape from the lamp-house or negative carrier. The copy 
negatives should then preferably be made no smaller than 2} x 3} inches, 
as this greatly facilitates any necessary handwork; it is this enlarging 
technique which is described herein. 


The sensitized material used should give a long range of tone values, 
but in the great majority of cases it does not need to have a full panchro- 
matic colour sensitivity. This is necessary only for those transparencies 
having important areas of red or orange, and in these cases the use of a 
light yellow-green filter over the enlarger lens gives the amount of colour 
correction required when a tungsten light-source is used. Mercury- 
vapour lamps should not be used for this work, but white cold-cathode 
tubes, used unfiltered, are satisfactory with both orthochromatic and 
panchromatic materials. 


If plates are to be used they can be positioned on the enlarger baseboard 
by the same means as is used for holding down bromide paper, but this 
procedure is not satisfactory for sheet film unless the apparatus is capable 
of holding it really flat. Where this condition is not fulfilled other means 
must be used; some patterns of camera darkslides or metal sheet-film 
sheaths may be quite suitable. 


Issue B Kodak Data Sheet 
GN-6 


Details of the method 


| The colour transparency, emulsion side uppermost, should be inserted 
into the carrier of the enlarger. 


2 A sheet of thin white card of approximately the same thickness as the 
sensitized material being used should be placed in the correct position on 
the baseboard. If a darkslide or film sheath is to be used it should be 
loaded with the card before placing it in position. This card should be 
used for focusing, after which it should be replaced by the sensitized 
material under appropriate safelighting. 


3 The exposure, which should be determined by trial, should then be 
made; if the exposure time is to be controlled manually the lens aperture 
should be adjusted to give an exposure of at least 15 seconds in order to 
gain accuracy and reproducibility. With panchromatic materials, the 
exposure should be made through a Kodak ‘Wratten’ Filter or a Kodak 
‘Wratten’ Gelatine Filter No. 11(X1) and a tungsten light-source used. 


4 The exposed film or plate should then be developed. ‘Kodak’ D-76 
developer (undiluted) is recommended; the development time will 
probably come within the range given in the table in the Appendix, but 
the time should be determined by trial as it may vary according to the 
quality of the transparency and the type of copy-negative required. 


5 Subsequent rinsing, fixing, washing, and drying operations are normal. 
Recommendations for each particular sensitized material may be found 
in the appropriate Data Sheet. 
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APPENDIX 


Recommended sensitized materials 
These are shown in the development table below. 


Exposure 

A typical exposure, when using ‘Kodak’ P.1200 plate, ‘Ortho-Royal’ 
or ‘Super-XX’ sheet film, with a ‘Kodak’ Precision Enlarger set to give a 
magnification of x24, would be approximately 20 seconds at f/22. 


Development times in D-76 developer (undiluted) 





Minutes at 68°F (20°C) 


Recommended Negative Materials and Data Sheet Numbers as : 
Continuous | Intermittent 


Agitation Agitation * 
Commercial Ortho sheet film . FM-34 8—9 1lo—I1d 
‘Ortho-Royal’ sheet film FM-35 8—|2 10—15 
‘Plus-X’ sheet film. . FM-36 7-11 9—14 
‘Super-XX’ sheet film FM-37 6—9 73-—Ilt 
0.250 plate . PL-I1 3—5 4—s} 
©.800 plate . PL-12 4—9 7—lIg 
P.1200 plate . . PL-19 5—9 6s—I 15 


* Thorough agitation for 5 seconds at half-minute intervals. 
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in this Data Sheet are trade marks 


KODAK 
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ORTHO-ROYAL 
PLUS-X 
SUPER-XX 
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THE CEMENTING OF COLOUR OR MONOCHROME 
TRANSPARENCIES T0 GLASS 


There are occasions when it is desirable to cement colour or monochrome 
transparencies to glass—particularly when a transparency must be held 
flat despite exposure to warm conditions. 

The widely-followed practice of binding a transparency between two 
pieces of thin glass provides considerable protection from dust, finger- 
prints and scratching, but it is not a completely satisfactory solution of the 
mounting problem. Buckling frequently occurs when transparencies are 
displayed and Newton’s rings are very often apparent in the projected 
image of miniature transparencies. In these and other similar cases the 
cementing of a transparency emulsion side down to glass may provide a 
more effective method of mounting. 

For this purpose, glass should be of good quality and free from bubbles 
and strains. Its thickness should be adequate to give rigidity, yet not 
sufficient to cause undue absorption of heat and subsequent breakage. 
For small transparencies, say up to 4 x 5 inches, a thickness of 0-040 or 
0-050 inch should be satisfactory. For larger transparencies, greater 
thicknesses are required. 

In cementing transparencies to glass, cleanliness in all the operations 
is of paramount importance, since if dust particles are embedded in the 
cement they will cause air bells and poor adhesion, and will be seen on 
projection. If the surface of the transparency or glass is contaminated 
with oil or grease, poor adhesion will result. Proper clzaning of the glass 
and transparency, and the use of a camel-hair dusting brush or rubber 
bulb are recommended. 

In cementing transparencies, emulsion side to glass, proper adhesion 
must be ensured. A gelatine solution containing a suitable wetting agent 
has been found to produce satisfactory results. Gelatine-coated glass is 
more suitable than uncoated glass in that it not only gives greater final 
adhesion, but also considerable initial adhesion, because of the immediate 
absorption of moisture from the cement. The gelatine coating also serves 
to prevent air bells from occurring during the cementing operation; 
particles of dust which normally may cause this trouble, become embedded 
in the gelatine coating and are covered with cement. When gelatine-coated 
glass cannot be obtained suitable glass should be coated with gelatine and 
dried. Alternatively, thoroughly fixed-out, washed and dried photographic 
plates or lantern plates should be used. 

After cementing a transparency to glass, adequate drying time should 
be allowed, since the heat of a projector may cause bubbles owing to 
vaporization of residual moisture at the emulsion-glass or emulsion-base 
interface. Just how dry the laminated transparency must be depends on 
the conditions of projection, but a few trials will determine the proper 
drying time. Desiccants are of value in reducing the drying time, or pre- 
ferably, if equipment is available, a vacuum pump, providing that not too 
high a vacuum is used. This may reduce the normal drying time of about 
8 hours to something of the order of 1 to 2 hours. 
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Most recently-processed ‘Kodachrome’ transparencies adhere satis- 
factorily. Old transparencies, in which the emulsion is thoroughly dried 
out, and particularly those which have been projected frequently, may 
not adhere so firmly to the glass. Transparencies which have a serious 
curl or are bent or cracked may not cement successfully even though 
recently processed. 

‘Ektachrome’ transparencies which are intended for cementing to glass 
should be processed without the use of ‘Photo-Flo’ solution as the final 
processing step. If any wetting agent is used a thin film remains on the 
emulsion surface of the transparency and causes difficulty in obtaining 
proper adhesion. 

The first transparency chosen for cementing should be one to which 
little value is attached, since the various procedures outlined below require 
a certain skill in handling; for best results, a transparency should be newly 
processed and flat. 


PROCEDURE FOR CEMENTING MINIATURE ‘KODACHROME’ TRANSPARENCIES 


| Removal of Transparency from Mount. Most 35 mm. and ‘Bantam’ 
transparencies, when returned from processing, are mounted in ‘Koda- 
slide’ Ready-Mounts and such a transparency must be removed from its 
mount. The best method is to cut off, with a pair of sharp scissors, a strip 
about one-quarter of an inch wide from the top of the mount. If the cut 
is made just beneath the word ‘Kodachrome,’ it will be in about the best 
position, The mount can then be pulled apart and the transparency 
removed without twisting. 


2 Cleaning the Transparency. The emulsion side of the transparency, 
particularly, should be thoroughly clean and free from oil or grease. The 
use of ‘Kodak’ Film Cleaning Fluid is recommended. If the trans- 
parency has been lacquered it is essential that this lacquer be removed 
before proceeding further. Recommendations for the removal of the 
lacquer may be obtained on application. 


3 Registration of the Transparency on the Glass Plate. The transparency 
should next be placed on a piece of clean, dry cloth or ‘Fotonic’ 
Photographic (blotting) paper, with its base side uppermost, and a piece 
of cellulose tape attached to one of the long edges of the transparency, 
allowing the tape to overhang about half its width. This piece of tape 
should be the same length as the transparency or slightly shorter. 
A glass plate, with its gelatine-coated side uppermost, should then be 
laid alongside the transparency on the piece of clothor paper. The taped 
transparency is then held over the plate until it is seen to be in the correct 
position, and the tape pressed down firmly. 


4 Cementing. Using the thumb and forefinger, the glass plate should 
be picked up by the corners opposite the edge to which the transparency 
is attached. With the other hand, the transparency should be folded 
back away from the glass—the tape acting as a hinge—and any loose dust 
or particles removed by the use of a rubber bulb or a soft camel-hair 
brush. The transparency only should then be completely immersed in 
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a gelatine solution prepared according to the formula given in the Appendix. 
It will cause no difficulty if a small portion of the glass must be immersed 
in order to coat the film thoroughly. 

After complete immersion the film should be removed from the solution. 
While the film is held clear of the glass, the edge of the glass nearest to and 
parallel with the tape, should be inserted between the rollers of a wringer * 
and, with a slow, even motion, the transparency should be rolled into con- 
tact with the glass. 

The film must be rolled down into contact with the glass—not allowed to fall 
against the glass as it is rolled through the wringer, since this may trap air 
between the two surfaces. 


5 Cooling and Cleaning the Cemented Slide. Immediately after being 
rolled through the wringer, the slide should be dipped in a dish of cold 
water containing Kodak ‘Photo-Flo’ solution (in the dilution recom- 
mended). It is important that the water be cold as the purpose of this 
step is to set or harden the gelatine. After immersion for about 10 
seconds the slide should be removed and the tip of the fingernail used to 
prise up one corner of the tape by which the transparency was originally 
fastened to the glass plate. The tape should be carefully pulled away 
from the film at an acute angle. The slide should then be re-immersed 
in the water, and the film gently rubbed with the finger to remove any 
excess gelatine. 

The slide should be allowed to drain for a few seconds, and examined 
by both reflected and transmitted light to see if any air bubbles or defects 
in the cementing are detectable. If the cementing is imperfect, the 
transparency can be removed by the method given in the next step and 
re-cemented as above. If the slide is seen to be satisfactory it should be 
placed in a rack to drain and dry. It is not necessary to wipe the slide 
dry as the ‘Photo-Flo’ in the water will cause it to dry evenly and without 
leaving spots. This step normally takes about 8 hours at room tempera- 
ture; other methods of drying can reduce this time (see page 1). 


6 Removing Improperly Cemented Transparencies. Transparencies 
cemented to glass by the above process can be removed, washed, dried, 
and re-cemented. This step is an emergency measure, however, and 
should be used only when necessary, as it is usually more difficult to 
re-cement the transparency satisfactorily and since slight colour changes 
may occur. 

If the transparency is to be removed immediately after cementing and 
before the cement has had an opportunity to set, the slide should be held, 
with the transparency upwards, in a stream of warm running water, the 
temperature of which should not be so high that it is unbearable to the 
hand. After the slide has been in the stream of water for about 30 
seconds, a corner of the transparency should be prised up and the warm 
water allowed to run into the opening. With the fingers, and very gently, 
the transparency should be pulled away from the glass, but only as rapidly 


*The wringer used in this step may be any hand-operated rubber-roller wringer, but the rollers 
must be soft and smooth with no uneven surfaces, and should turn freely. The pressure should 
be adjusted so that the sandwich can be rolled through without difficulty. After each slide, the 
rollers should be cleaned of any gelatine by rubbing them with a cloth wet with warm water. Leaving 
gelatine on the wringer rollers will cause the surface to become hard and rough. 
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as the softening of the gelatine will permit. The glass should be discarded 
and the transparency held under the warm water, and the emulsion side 
rubbed gently with the fingers to remove any gelatine which may be left on 
it. It is possible to tell if any gelatine is still present because it will feel 
softer and more slippery than the emulsion of the transparency. 

If the cemented slide has already dried, it should be dropped into a 
container of warm water at a temperature of about 100° F. (38° C.) and 
allowed to soak for about 24 hours. The water may be allowed to cool 
to room temperature. After soaking, the transparency can be removed 
by following the procedure given above. 

The transparency which has been removed from the glass slide and 
washed free of gelatine should be set or hung upright in a dust-proof 
position, such that the emulsion side, which has been softened by the warm 
water, cannot be scored by contact with any object, or pick up dust or fluff 
before it has become dry and firm again. It should be allowed to 
dry for about 8 hours at room temperature before re-cementing is attemp- 
ted. 


7 Binding and Masking. Cemented and dried slides can be used without 
cover glasses or masks, but this is not advisable. The cover glass protects 
transparency against scratches and dirt, and a white or bright reflecting 
sheet-metal mask will help to protect the transparency from the heat of the 
projector. 

‘Kodak’ Two by Two Cover Glasses are available, and a satisfactory type 
of mask can be made from thin sheet metal such as 0-010 inch aluminium. 
These can easily be made to specification by a sheet-metal company. 

To attach the cover glass and mask to the slide, a strip about four inches 
long should be pulled from a roll of ‘Kodak’ Lantern Slide Binding Tape. 
This strip should not be cut from the roll, but laid, adhesive side upper- 
most, on the work-bench. The cover glass and mask should be placed 
in position on the transparency side of the slide, the sandwich set on edge 
along the centre of the strip of binding tape and turned over and over, 
rolling the tape on to the edges and pulling tape off the roll until all four 
edges of the slide are covered. At the corners, small triangular pieces 
should be cut out of the tape so that it will not fold or lie in double thick- 
ness. The tape should then be pressed down over the edges and faces 
of the cover glass and slide. 


PROCEDURE FOR CEMENTING ‘EKTACHROME’ TRANSPARENCIES 


The procedure described for cementing miniature ‘Kodachrome’ 
transparencies to glass is also, in general, recommended for the cementing 
of ‘Ektachrome’ sheet film to glass. 

However, ‘Ektachrome’ transparencies which are intended for cement- 
ing to glass should not be treated with ‘Photo-Flo’ or other wetting agent as a 
final step in processing, nor perforated by a pin when hung to dry after 
processing. 

Step 1 is obviously not applicable, but all other steps outlined on pages 
2 to 4 should be followed exactly as given, with one additional step. 
Since sheet films have a gelatine backing, it is important that this be 
removed after lamination, but before the slide dries, in order that a strong 
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backward pull will not be exerted which might cause the transparency to 
leave the glass. The gelatine backing may be removed, about 10 minutes 
after the cementing and cooling operations, by swabbing the surface with 
a piece of cotton-wool moistened with a 5 per cent. sodium hypochlorite 
solution. Care should be taken that the solution is not used in such 
excessive amounts as to flow around the edges of the transparency and 
hence weaken the bond at the transparency-glass interface. By keeping 
the cotton-wool just dampened, and not soaking wet, and by working 
carefully at the borders of the transparency, this can be avoided. After 
removal of the gelatine backing, the slide should be re-immersed in cold 
water containing the recommended quantity of ‘Photo-Flo’, or in the 
solution previously used for setting, in order to dilute the remaining 
hypochlorite solution and to prevent water-spotting on drying. After 
being dried the slide should be masked and bound in similar fashion to 
that described in Step 7. 


PROCEDURE FOR CEMENTING MONOCHROME TRANSPARENCIES 


The procedure for cementing monochrome transparencies to glass is 
almost identical with that used for the colour transparencies except as 
regards the type of cement used and the manner of setting. 

The cement consists of a 50 per cent. lactic acid solution made with 
distilled water. This solution should keep for about two months. 

After the cementing operation, the cement should be set by dipping 
quickly in and out of a cold ‘Photo-Flo’ solution and swabbed with the 
finger. Prolonged immersion in the cold water as in Step 5, is not 
desirable, since it has been found that the water tends to creep under 
the transparency, thereby weakening the bond. 
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APPENDIX 


Gelatine Adhesive 


Metric Avoirdupois 
1000 cc. . . Distilled water . . . . . . . 80 ounces 
100 c.c. ‘Photo-Flo’ | per cent. solution* . 8 ounces 
22 grams . . . . Gelatine ©. . . . . . . . .  Lounce 325 grains 


*This should be prepared by diluting the concentrated ‘Photo-Flo’ solution, accord- 
ing to the size of packing in which it is obtained, as follows:— 


tgallonsize . .... | part plus 99 parts distilled water 
20 oz. and 40z.sizes . . . . 3 parts plus 97 parts distilled water 


This adhesive should be heated to approximately 100° F. (38° C.) and 
stirred constantly; at this temperature it should become clear. It should 
be allowed to cool to room temperature before use, but if it has become 
too viscous it may be slightly re-heated. 


Kodak, Kodachrome, Ektachrome, Photo-Flo are trade marks 
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NEGATIVE QUALITY 





THE desiderata of negative quality have varied in some respects with 
changes in photographic practice, and the continuous trend to the use of 
smaller negative sizes over the past forty years or so has involved some 
reassessment of negative quality. 

Furthermore, some of the classical teachings have become obsolete 
because they have been recognised to be unsound; for example, the 
accepted doctrine at one time was that the prime requirement of ideal 
negative quality was that all the tones of the negative should fall on the 
straight-line portion of the characteristic curve. It is true that this means 
that the intensities of light transmitted through the various parts of the 
negative correctly represent, in an inverse sense, the brilliancies of the 
various areas of the scene; but it is not true that this ensures a correct 
transcription of tones in the print made from such a negative, whether as 
a paper print or a transparency. A correct transcription could, in fact, 
be obtained by printing a positive transparency such that all the tones of 
the image again fell on the straight-line portion of the curve of the trans- 
parency material. But this is not what normally occurs in practice, and 
as soon as one comes to make a positive print on paper the characteristic 
curve of the paper comes into and complicates the matter. In fact the 
deficiencies in the tone-rendering characteristic of the paper can be 
partially compensated for by the deviations of the negative from the 
straight-line relationship, and in the end the nearest approach to perfect 
tone reproduction in the print is obtained when the camera exposure is 
somewhat curtailed. When the camera exposure is short enough to 
place the shadow tones of the subject on the “toe” of the characteristic 
curve of the negative material, the overall tone reproduction in the print 
tends to be at the optimum. This is one justification for the modern 
practice of reducing camera exposures to the minimum. 

One noteworthy change which has resulted from changing techniques 
is again concerned with tone-reproduction characteristics of films and 
plates. When the bulk of camera work involved contact printing from 
negatives of fair size, the interests of the majority of camera users were 
considered to be best served by films having the maximum exposure 
latitude—a doctrine which led to the introduction of double-coated roll 
films capable of recording a colossal range of exposures. It is impractic- 
able, however, to take advantage of a characteristic of this kind in modern 
practice with much smaller negatives, because it becomes unreasonable 
to attempt to print exceedingly dense negatives by projection. Hence 
the demands of modern practice have shifted again towards materials of 
relatively modest exposure scale, not necessarily with a well-marked, 
extended “‘straight-line’’ characteristic. 


REQUIREMENTS OF MODERN PRACTICE 


The requirements of negative quality in current photographic practice 
are concerned with :— 


(a) tone gradation 
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(b) fineness of grain (which determines image resolution) 
(c) sharpness of definition 


Tone gradation 

Most practical workers agree that it is desirable, from the points of 
view of print quality and working convenience, to adopt a working pro- 
cedure by which the majority of average negatives print best on to 
medium-contrast paper under normal conditions of enlarging. This may 
be regarded as the first touchstone by which working methods may be 
checked. 

Producing negatives which satisfy this test is partly a question of 
suitable exposure, partly of suitable degree of development. As a 
practical guide to the judging of exposure levels it may be taken that— 
except for particular purposes such as studio work or prevailing-light 
subjects—a negative should have little, if any, clear area: there should be 
slight density and discernible differentiation of tone down into the deepest 
shadow area of the subject in which detail is required. Much modern 
work may appear to conflict with this statement—but much modern work 
of photo-reporting or pictorial kind is much less concerned with photo- 
graphic quality than with ‘“‘impact”’. 

With the rendering of shadow detail provided for by this level of 
adequate exposure, it rests with the control of development to allow the 
retention of gradation in the highlight areas of the subject. Any difficulty 
in recording highlight tones in the print implies either a subject having 
an exceptionally long range of tones or development of the negative to 
excessive contrast. With modern printing papers and semi-condensed 
enlarger illumination the densest negative areas should just about allow 
ordinary letterpress print to be read through the silver density, when the 
negative is held almost in contact with the printed sheet in good light. 

One avoidable fault which can play havoc with the quality of a negative 
is lens flare: this can destroy the brilliance and clarity of a negative even 
when it does not produce obvious local fogging of the image. A certain 
amount of scatter of light into the shadow areas of the image—as the 
result of stray reflections within the lens or camera, or scatter from the 
emergent lens surface—is inevitable; but degradation of the image in 
this way should be kept to a minimum by carefully preserving the surface 
polish of the lens, by regularly cleaning the external lens surfaces, and by 
shielding the lens from the direct light-beam in back-lit subjects. The 
degree of flare by reflection from the walls of the camera is in fact one 
of the finer points to observe when selecting the camera in the first place. 


Fineness of grain 

Though the fineness or coarseness of grain is primarily a characteristic 
of the material and largely determined by its speed, both the exposure 
and the development of the film or plate have some effect on negative 
quality in this respect (see Data Sheet PR-2). Fine-grain quality in the 
negative is best preserved by keeping the camera exposure down to the 
minimum, and by using a developer of fine-grain or extra-fine-grain type 
(see Data Sheet PR-3). 
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The fineness of grain of a silver image is bound up with, and sets a 
limit to, the image resolution. This is concerned with the magnitude of 
details which can be distinguished in the image. It determines for 
example, whether or not the individual hairs in an animal’s fur can be 
discerned in the image, and whether or not the facial area of an enlarged 
portrait appears as an even tone or broken up into an irregular pattern 
of minute grains. While fineness of grain and the resulting smoothness 
of tone is generally regarded as a desirable feature, it is considered by 
some that a granular image structure forms part of the aesthetic appeal 
of certain pictorial printing processes. 

Under faulty control of the temperatures of processing solutions it is 
possible for micro-reticulation to occur so that coarse grain is simulated 
even with a fine-grain emulsion. This is, however, not a question of the 
grain of the silver image, but an effect of break-up and shrinkage of the 
gelatine coating producing a minute net-like structure which presents a 
quite distinctive appearance under a low-power magnifier. 


Sharpness of definition 


Only comparatively recently has it been realized that the visual quality 
of a photographic image is not determined simply by the fineness of 
grain of the silver deposit forming the image. In fact there is a further 
factor, that of image sharpness, which may work in the directly contrary 
sense. Recognition of this factor arose out of the observation that one 
image which appears visually sharper than another may in fact be notice- 
ably coarser in grain. It is because of this that Kodak Limited is no 
longer quoting resolving-power figures, which are now considered, for 
practical purposes, to be valueless. 

The distinction between the two factors may perhaps be put in this 
way: whereas it is the fineness of grain (or resolution) of the image which 
separates one hair from another in a picture of a girl looking out of a 
window, it is the image sharpness which determines whether the frame 
of the window appears perfectly clear-cut or not. 

Image sharpness is concerned with the abruptness of the change in 
density along the hard line of separation between a light area and a 
dark area. 

Assuming an optical system which forms a sharp image of such a line 
of demarcation, there are two properties of the photographic emulsion 
which determine the degree of sharpness of the resulting line in the 
developed image. The sharpness of the line suffers blurring first as the 
result of scatter of light within the emulsion, by reflection of light from 
one illuminated grain of silver halide towards neighbouring non-illumi- 
nated grains: this form of light scatter in all directions through the 
turbid emulsion is known as “‘irradiation”. Blurring of a different kind 
occurs if light rays penetrating right through the emulsion reach the base 
and are reflected back into the emulsion: this effect is known as halation. 
It occurs typically as a ring of density round a point of highlight, and 
at a slight distance from it. The separation of the “halo” will be much 
smaller with a film material than with a plate owing to the thinner base, 
but it will be evident on close inspection. Halation is normally sup- 
pressed, or minimized, either by means of a dyed backing on the rear 
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surface of the film or plate, to absorb light which penetrates to this 
surface: a dyed film base, to absorb light as it passes through the base: 
or a dyed interlayer between the emulsion and the base, to absorb rays 
before they reach the base at all. 

The modern type of “high-acutance” film represents still another 
approach to this problem. By the use of emulsion coatings which are 
much thinner than those normally used in the past, and correspondingly 
of higher turbidity, less opportunity for scatter within the emulsion is 
allowed and the image sharpness is correspondingly increased. These 
“thin-coated” films are thus inherently capable of giving improved image 
sharpness, but they lend themselves in addition to a special processing 
technique which artificially enhances the image sharpness. 

This method involves the use of a developing solution in which the 
developing agent is at a low concentration but the activity is maintained 
by a high alkali content. What happens along the line of demarcation 
between highlight and shadow when such a developer is used is that in 
the highlight area the developing agent is rapidly exhausted and develop- 
ment is checked. But ample developing agent remains in the adjacent 
shadow area, where the light action and consequent development has 
been slight: and as this fresh developing agent diffuses gradually across 
the line between unexposed and exposed areas it gives a further build-up 
of image density just inside the exposed area. At the same time silver 
bromide formed in the area of developed silver density diffuses in the 
other direction towards the lightly exposed area, and as it diffuses across 
the separating line it begins to restrain development on the edge of this 
area. Thus on the dense side of the line there is a fringe of increased 
density, and on the low-density side there is a fringe of decreased density. 
The obvious result of these combined edge-effects is to produce a much 
harder and more abrupt change of density across the line of this edge— 
and a visual effect of much increased sharpness. The term ‘“‘acutance”’ 
is applied to an involved mathematical measurement of the rate of change 
of density across this edge, and the modern class of “high-definition” 
developer includes those which are so compounded as to act in this 
special way. 


Camera shake: It is obviously useless to seek improvement of negative 
quality by the avenues of fine grain or high acutance if the image which the 
photographic material itself receives is not sharply defined, and it is essen- 
tial here to emphasize how destructive and deceptive is the risk of camera 
shake. The modern miniature and roll-film cameras are naturally pre- 
dominantly used as hand-cameras: but if it is desired to make the utmost 
of the remarkable quality which these modern instruments permit with 
modern films it should be made a regular practice to use speeds of 1/100th 
of a second or faster whenever the camera is used in the hand. With 
long-focus lenses 1/250th second or less should be preferred. 
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UNDERWATER PHOTOGRAPHY 





THE rapid growth of underwater swimming as a popular sport has led to 
a parallel development of underwater photography, not only for pictorial 
and record work but also as a valuable tool in the fields of marine biology 
and underwater surveying. A number of difficulties arise when a camera 
is taken underwater, and the purpose of this Data Sheet is to provide a 
starting point for photographers faced with the necessity of working 
underwater. 


THE PROPERTIES OF WATER 
Pressure 

The pressure underwater increases by one atmosphere (14°7 pounds 
per square inch or approximately 1 kilogramme per square centimetre) 
for every 30 feet (10 metres) of depth. From this it can be seen that the 
camera must be in a case which is not only watertight but also strong 
enough to withstand considerable external pressure. Cases can be 
pressurized to counteract this effect, but for normal cameras they can be 
designed to operate unpressurized down to 200 feet (60 metres) without 
being too heavy or bulky. 


Refractive index 
Water has a refractive index of about 1-33. This causes objects viewed 


or photographed through a plane porthole to appear one third larger and 
nearer than they really are, as shown in the diagram below. 


APPARENT POSITION REAL OBJECT 











The camera must, therefore, be focused on the apparent distance (A) of 
the subject, or if distances are measured with a rule, the focusing scale 
of the camera must be set to three-quarters of the real distance (B). 


Visibility 

The fact that water is frequently not very clear makes it necessary to 
approach as close as possible to the subject. This can be aided by the 
use of a wide-angle lens. Normal and telephoto lenses have their appli- 
cations, however, for photographing small specimens in very clear water. 
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Colour 

Colour photography underwater is complicated by the fact that water 
is coloured! The absorption of the red component of white light increases 
rapidly with depth, and this imparts a cyan colour to unfiltered reversal 
colour photographs; this is not necessarily objectionable, and in fact 
conveys an “underwater” atmosphere to the shots. 


COLOUR FILMS 
Reversal 

For photographs in which the colours of the subject must be correct, 
such as with biological or geological specimens, the colour of the light must 
be corrected. This is achieved in shallow water by means of ‘Kodak’ 
Colour-Compensating red (R) filters at the rate of 4 CC units per foot 
(per 0°3 metre) of light path (depth+camera-subject distance). For 
instance, with a subject 5 feet deep at a distance of 5 feet from the camera, 
the number of units required to give the necessary correction is (5-5) x 
4=40. In this case the filter to use is the CC40R. In fresh water lakes 
and some sea areas, the water is greenish rather than cyan and, then, 
magenta filters should be used. 

Below approximately 20 feet (6 metres) the density of the filters required 
makes the use of flash more practicable when correct colour rendering 
is necessary. 


Colour-negative 

At first sight it may appear that anything that is true for reversal films 
will also apply to colour-negative films. This is true if the negatives are 
not to be printed on automatic colour printers or the ‘Kodak’ Colour 
Enlarger. These work on the principle that all scenes integrate to a 
neutral grey, and negatives are automatically corrected to yield a print 
with equal amounts of the three dyes—yellow, magenta, and cyan. If an 
underwater negative, which has not had the full CC filter correction 
described previously, is printed using one of these machines, the print 
will have cyan highlights and red shadows owing to the severe under- 
exposure of the red-sensitive layer. This can be avoided, if the printing 
is done in a normal enlarger, by adding cyan filters to the filter pack until 
the shadow areas on the print just begin to turn brownish. The print 
will still have an overall cyan cast but any more filtration will make the 
shadow rendering objectionable. 


DESIGN OF CAMERA CASE 

The underwater camera case must be strong enough to withstand the 
pressure. Most commercial cases are made from aluminium alloy cast- 
ings or ‘Perspex’ plastics. The corrosive effect of sea water must also be 
considered. Stainless steel, brass, and certain special aluminium alloys 
are suitable provided that care is taken not to have two dissimilar metals 
in contact. This can give rise to electrolytic corrosion of metals which 
are normally resistant to the effects of salt water. Particularly bad in this 
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respect is the combination of brass and aluminium. Brass and stainless 
steel, however, can be used together without trouble. 

Control rods can easily be sealed by means of O-rings which give 
excellent freedom of movement, even when under pressure. A typical 
control-rod seal for a ‘Perspex’ case is shown in the diagram below. 





CAMERA LINKAGE 


LOCKING BUSH 


External controls should be large and easily gripped, even when the 
operator is wearing gloves. Also, owing to the fact that delicate move- 
ments are difficult underwater, strong end stops should be fitted to all 
controls to avoid damaging the camera. 

The normal direct-vision viewfinder is useless underwater, even in a 
transparent ‘Perspex’ case, because the eye cannot be placed close enough 
to the eyepiece. Instead, a large robust frame finder is recommended. 
The method (illustrated below) for determining the dimensions of this 
viewfinder allows for the reduction in the effective angle of view which 
occurs when the camera is immersed in water (see “Refractive index” 
on page 1). Since the eye cannot be placed close to the backsight, the 
centre of the foresight should be defined by a cross which can be lined up 
with the backsight. 






WIDTH OF FORESIGHT FRAME 





NORMAL VIEW THROUGH 
CAMERA VIEWFINDER 


Reflex cameras 

Reflex focusing and viewing is a great advantage, especially for close-up 
work. For underwater use, a camera in which the focusing screen can be 
viewed direct is preferable to one employing a pentaprism. This is 
because it is difficult to see more than a small central area of the focusing 
screen when the eye is separated from the eye-piece of the pentaprism, 
as it will be in an underwater case. 

With square-format cameras, which present no problem of using the 
camera on its side to obtain a vertical picture, the screen can be viewed 
direct through a large magnifier built in to the top of the case. Where a 
rectangular format is used, it is almost impossible to compose a vertical 
picture with a reflex camera on its side. In this case, a good compromise 
is to use a single 45° mirror over the ground glass and a magnifier behind 
the camera: this gives an inverted picture but at least the image does not 
rotate when the camera is rotated about its lens axis. 

The lens should have a fully automatic iris diaphragm and it is helpful 
to have a focusing screen which incorporates a split-image rangefinder 
rather than the more recent “microprism”’ focusing aid. With the split- 
image system, the direction of displacement of the moving image tells the 
operator which way to turn the focusing knob; the microprism system 
does not give this guide. 


Correcting lenses 

The definition at the edges of a picture taken through a plane porthole 
suffers from transverse chromatic aberration, particularly when wide- 
angle lenses are used. Two ways of avoiding this have been devised: 
| The porthole is made in the form of a plano-concave lens and the 
camera lens is placed close to its centre of curvature. This eliminates 
the chromatic aberration and the dioptric power of the porthole is corrected 
by using a positive lens close to the front of the camera lens.? 
2 An afocal lens of two cemented elements is used as the porthole. The 
elements are chosen so that the combination has a dispersion equal and 
opposite to that encountered at a plane air-water interface.? 


FLASH UNITS 


The usual method of arranging flash units for underwater cameras is 
to incorporate the battery-capacitor circuit and the camera connections 
inside the case, with only the two wires leading to the flashbulb being 
brought through the case. The bulb and flash-head can be exposed to 
the water without affecting efficiency. A suitable circuit is shown opposite. 
With a metal camera case only one wire needs to be taken through the 
case, the return path being through the metal. This one wire must, 
however, be insulated from the case and must be watertight. 

Electronic-flash units can also be used, sealed in a housing separate 
from the camera case. They can be triggered by means of wires passing 
down a sealed tube into the camera case or by a relay energized by the 
conventional bulb circuit shown opposite. 
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Except in very clear water, the flash should be as far as practicable 
from the camera, at least 2 feet (06 metre), to minimize the flare caused 
by the flash lighting up the plankton and sediment close to the camera. 


TECHNIQUE 

The technique employed for underwater photography is completely 
different from that of normal photography. Both the diver and the 
camera will be virtually weightless underwater. While this is a very 
pleasant state for the diver, it does introduce problems of stability of 
the camera. A good strong frame finder is a great help in this respect; 
it can be braced firmly against the mask, greatly reducing the risk of 
camera shake. The majority of photographs will probably be taken on 
the bottom, and it is therefore an advantage to take down 3 or 4 pounds 
(about 1°5 kilogrammes) more weight than that required for neutral 
buoyancy. Also, as much of the weight as possible should be carried 
near the front of the diver’s belt; this increases stability both when 
travelling horizontally and also when sitting on the bottom. 


Exposure 

Exposure underwater can be determined by means of a normal exposure 
meter in a special case, in a preserving jar, or inside the camera case if 
there is room and sufficient visibility, as with a ‘Perspex’ case. Incident- 
light measurements tend to be unreliable, and the normal reflected-light 
technique should be used. 

The following table can be used as a guide to exposing colour and 
monochrome film. rated at 64 ASA/B.S. (arithmetical), 29° B.S. (logarith- 
mic), and 19 DIN (logarithmic). It applies for clear water (visibility 
greater than 30 feet; 10 metres) in the middle of the day with the sun 
shining. In tropical waters, where subjects are generally much lighter, 
rather less exposure will be necessary. In poor visibility, or when filters 
are used, the compensation for depth will need to be greater and an ex- 
posure meter is essential. 
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SHUTTER SPEED—1/SO0th or 1/60th second 


Depth Over Average and in | Over Dark Rock 
ep Light Sand Open Water or Weed 
Down to 2 feet (0-6 metre) fi16 F/M f/8 
5 feet (1-5 metres) f/ll f/8 f/5°6 
10 feet (3 metres) f/8 f/5°6 f/4 
20 feet (6 metres) f/5°6 f/4 f/2°8 
40 feet (12 metres) f/4 f/2°8 f/2 
80 feet (24 metres) f/2°8 f/2 f/ 1-4 


Flash 


When using monochrome film, the flash technique is fairly straight- 
forward, except that the light is strongly absorbed and flash guide numbers 
have to be reduced accordingly. In exceptionally clear water, guide 
numbers should be divided by 2. Flash should never be used further 
from the subject than a quarter of the visibility to avoid loss of contrast. 
This is particularly important when the low visibility is due to plankton 
and similar large suspended particles. 

The same principles apply to colour film, with the additional problem 
of colour correction. Blue flashbulbs, or electronic flash, and the ap- 
propriate CC red filter—4 CC units per foot (0:3 metre) of total light 
path—must be used for complete colour correction. 

For example, High-Speed ‘Ektachrome’ Film used with a PF.1B 
flashbulb has a guide number of 100 at 1/250th second. This “indoor” 
guide number must be divided by 2, giving an effective guide number 
of 50; with the subject at a distance of 24 feet (0°75 metre), an aperture 
of /20 is indicated. However, this aperture must be varied according 
to the filter to be used. In this case it is the CC20R—total light path of 
5 feet (1°5 metres) multiplied by 4, as shown on page 2—which necessitates 
an exposure increase of 4 stop (see Data Sheet CL-3), giving an aperture 
of about //16. 


Cine 

Most of the foregoing principles apply equally to cinematography. 
Underwater floodlighting is possible but the equipment is bulky and of 
short range. 

When filming underwater, it is particularly important to keep the 
camera as steady as possible. For subjects requiring no movement of 
the camera a tripod can be useful. The camera-tripod assembly should 
be negatively buoyant by a few pounds, as should the diver. Technique 
in this case is similar to that used on land. For tracking and mid-water 
shots the equipment and diver should be neutrally buoyant. It is essential 
to keep the case firmly braced against the mask and to make all move- 
ments as smoothly as possible. 

Another point is that shots should be longer than the equivalent surface 
shot. An audience takes a little time to get orientated to an underwater 
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scene, and whereas a quick glimpse is adequate with familiar surface 
scenes, a Similar technique in an underwater film results in a confused 
impression. 15 seconds should be regarded as a minimum except for 
very obvious and clear subjects. 

For shallow-water work in colour, CC filters can be used for accurate 
colour rendering. However, for non-technical films the cyan cast pro- 
duced by the water may be considered an advantage in creating the 
underwater effect. 


AUTOMATIC CAMERAS 


Fully automatic cine and still cameras, in which the exposure is set by 
direct or servo control from a photo-electric cell, are very suitable for 
use underwater. With colour film, exposure correction for depth will 
be automatic if the same filter is used over the camera photocell as is 
used over the camera lens. 

The automatic control is especially valuable underwater because the 
camera is always ready for action. The use of automatic exposure- 
controlled cine cameras makes possible impressive tracking shots in 
locations such as caves and wrecks where the light intensity varies from 
place to place. 
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MAKING TECHNICAL SUB-STANDARD 
MOTION PICTURES 


Fits can usefully furnish an introduction to new apparatus or processes ; 
they are a powerful weapon in the educational and instructional fields; and 
they can give the layman an interest in, and a clear insight of, complex 
technical matters. They are unrivalled as a method of presentation of 
such matters, and the following remarks are designed to aid scientists and 
technicians who do not habitually produce documentary films but who 
wish to use cinemiatography for demonstrating their methods of work, 
recording experiments difficult to repeat, and so forth. 

The most convenient and generally accepted size of sub-standard film 
is 16 mm and this is the most frequently used for technical motion pictures. 


Planning the film 


The presentation used in any technical instructional film should be simple 
and straightforward, the chief aim being to give on the screen the clearest 
possible exposition of the subject. On the other hand, films of more 
general interest for display to the public, though requiring to be lucid and 
reasonably simple, may be rather more theatrical, and special devices such 
as dissolves and fades may be used between shots where they add to the 
effect of the film. In either case it is necessary to decide the structure of 
the final film before work is started. A “ shooting script” of some sort 
is therefore highly desirable so that the scenes required may be taken in 
the most convenient order without unnecessary waste of film and time. 
If, for example, the beginning and end of the film both show the same 
scene and this does not appear elsewhere in the film, these shots should 
obviously be taken at the same time. The script should be prepared in 
the same way as notes for a lecture on the subject would be. 

When the necessary scenes have been roughly planned, the number of 
different shots required for each is decided, together with some idea of the 
camera viewpoint and distance required to give each the desired emphasis. 
Care must be taken to see that continuity of idea is preserved and that 
each shot and scene aids in building up the required total effect. The 
time which each shot is to occupy on the screen should be roughly decided 
at this stage and from this the footage of film required. (1 foot of 16 mm 
film passes through the projector in 2} seconds at normal silent projection 
speed.) Other technical details, such as special lighting and the exact 
area of interest in each shot, may conveniently be left until photography 
is in progress. It should, however, be borne in mind that it is the correct 
handling of these details which will make the final film a success. Unless 
the correct emphasis is given to each scene the audience will find it diffi- 
cult to follow the story which the film has to tell. This emphasis is decided 
mainly by the viewpoint used and by the length of time for which the scene 
appears on the screen. The relative duration of scenes also has a psycho- 
logical effect quite apart from the effect of each scene considered separately. 
A successive series of short scenes usually suggests urgency, for example. 
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Apparatus and materials 
The ‘Cine-Kodak’ Special II Camera (see Data Sheet EQ-1) is particu- 
larly well adapted for technical work, having a reflex focusing system, a 
large choice of interchangeable lenses, extension tubes and various other 
useful features. The Cine-Kodak ‘Royal’ Magazine Camera, available 
with an accessory focusing view-finder and interchangeable lenses, is also 
suitable. Long-focus lenses permit longer camera-subject distances and 
are therefore more convenient for many technical subjects. The 24-inch 
{/2°7 lens is the most useful for general work, as this allows an adequate 
working distance, yet has a wide maximum aperture and can be focused 
down to cover an area as small as 1} inches by 2} inches at 14 feet from the 
subject, without the use of extension tubes. In general, extension tubes 
are not suitable for use with short-focus lenses, especially when photo- 
graphing live subjects, as the depth of field is too shallow to allow for even 
the smallest movement when the camera is used at the very short distances 
required to render small objects on a relatively large scale; they are, 
however, very useful for photographing details on small inanimate objects 
with 24-inch or longer focal length lenses and by their use objects as 
small as 0-05-inch wide can be made to fill the screen. (Further data will 
be found in Data Sheet CN-5.) ‘Kodachrome’ Daylight Type or Type A 
16 mm film is especially suitable for technical work and practically all films 
are improved by the use of colour (see Data Sheet FM-2). If it is decided 
to use monochrome film, 16 mm Kodak ‘Plus-X’ Reversal Movie Film 
(see Data Sheet FM-12) is recommended for use in daylight and Kodak 
“Tri-X’ Reversal Movie Film (see Data Sheet FM-11) in artificial light. 
All these films are processed by Kodak Limited without extra charge. 
When a negative film is required, Kodak ‘Plus-X’ or ‘Tri-X’ Negative 
Movie Film (see Data Sheets FM-5 and 6) should be used; these are 
processed and printed by the user or by our processing laboratories, not by 
Kodak Limited. 


Lighting 
Artificial lighting is preferable to daylight for general indoor work, as 
it can be arranged more easily and can be accurately reproduced at a later 
time if required. Photoflood lamps 
in reflectors are recommended, as 
they give adequate illumination, are 
easily portable and can be used on X<suarecr 
normal lighting circuits. A satis- 
factory arrangement for photo- 
graphy with ‘Kodachrome’ film is 
shown in the diagram. 

With ‘Kodachrome’ film all the 
lamps used must be of the correct IN <J 
colour temperature. Photoflood - 
bulbs should be used with ‘Koda- | pxororvoops. Rie ror eee 
chrome’ Type A film and care taken 
to see that the bulbs used are all 
reasonably new as they have a COMERS 
burning life of only two hours and 
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the colour temperature alters during that time; bulbs which are nearly 
burnt out give the film an all-over yellowish tint. Spotlights, which are 
useful for illuminating some subjects, may not take Photoflood bulbs, in 
which case an over-run projection bulb will prove suitable. Daylight and 
artificial lighting cannot be used together, and similarly if one bulb burns 
out all should be replaced, for if lights of different colour compositions are 
mixed the resultant colour variations will be unpleasantly noticeable in the 
film. Further information on lighting with colour films is given in 
Data Sheet CL-8. 


Exposure 


With all reversal films, correct exposure is essential if the highest quality 
results are to be obtained. In monochrome photography, truthful 
rendering of texture and tone is thus achieved, while with ‘Kodachrome’ 
film, exposure should be correct within half a stop either way to ensure the 
best colour rendering. Once a technique has been established, correct 
exposure becomes almost a matter of routine, but in preliminary work 
care must be taken to estimate the correct lens aperture accurately. For 
pictures within the focusing range of the 1-inch lens (infinity to two feet) 
the exposure can be determined from the sheet supplied in each film 
carton. The values given are for average conditions and it is desirable 
to make tests to check their applicability to individual conditions of work. 

Photo-electric exposure meters can be used to check the exposure 
required, but the readings should not be used without some consideration 
of their meaning. A meter endeavours to place all subjects on the middle 
of the characteristic curve of the photographic material, and thus tends 
to reproduce dark subjects too light (over-exposure) and light subjects 
too dark (under-exposure). Hence the nature of the subject being photo- 
graphed must be taken into consideration, and variations from the indicated 
exposure of as much as one stop may be made in order to compensate for 
this effect. The meter should be held as close to the subject as possible, 
care being taken not to throw a shadow on to it. Alternatively, the inten- 
sity of the illumination may be determined by means of a specially designed 
highlight meter or by taking a reading on a piece of white card placed in 
the position of the subject. If the relationship between the light intensity 
readings on the card and the required exposures for various subjects is 
known or determined, this method is very reliable. In judging exposure- 
tests the film should be projected under the same conditions employed for 
projection before an audience. 


Camera operation 

Critical focusing is essential for all technical cinematography. Special 
care should be taken when relatively short camera-subject distances are 
used, as the depth of field is then particularly shallow. Care must also 
be taken to see that the “‘ framing ”’ of the subject on the film is accurately 
adjusted. It is therefore clear why cameras employing focusing finders 
which operate through the lens of the camera have been recommended 
above: the operator sees exactly what will appear in the picture without 
the parallax error which would arise with a separate viewing lens. Parallax 
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error, being due to the displacement of the view-finder lens from the 
camera lens, naturally increases as the distance between the object and the 
camera decreases. Focusing should be carried out at the largest lens 
aperture; if necessary, a sharply defined object can be held in the plane of 
the principal part of the subject as an aid. When the camera has been 
correctly set the lens is stopped down as far as the lighting conditions will 
permit without under-exposing the film—to f/8 or smaller when possible. 
It must be realised that the nearer the subject is to the camera the shallower 
is the depth of field at any given stop. For example, a lens which has a 
depth of field of 4 inches at 4 feet will have a depth of only 3 inch at 1 foot 
6 inches, using the same stop (see Data Sheet CN-5 for tables). 

The camera should always be set up on a firm tripod, both to ensure that 
accurate focus is maintained and to prevent unsteadiness of the image on 
the screen—a most disturbing fault and one which is particularly noticeable 
in close-up work. 

Close-up shots appear greatly magnified on the screen and normal 
movements therefore appear to be too rapid. Where possible, the opera- 
tors of any machinery or apparatus shown should reduce the speed of 
their movements, any tendency to appear “ slick” being avoided and a 
more deliberate tempo imposed. Alternatively, the camera may be 
operated at a slightly higher speed. In the case of silent film, which is 
normally run at 16 frames per second, 24 frames per second for close-up 
and semi-close-up shots and 32 frames per second for ultra-close-up shots 
will be necessary. Ifa sound-on-film commentary is to be added to the 
film it will have to be taken at 24 frames per second for normal shots. 
This will necessitate 32 or 48 frames per second for the closer shots. 

While photographing, it is advisable to take rather more film than will 
eventually be required, as it is too late to lengthen a shot when editing, 
while film can always be cut out. Extra care should be taken when photo- 
graphing scenes which cannot be repeated, especially with regard to the 
choice of the most appropriate view and lighting to ensure the clearest 
record. 

When changing from one shot to another the change must be made as 
smoothly as possible. Dissolves from one scene to another are not recom- 
mended for technical record work, but on the other hand transitions must 
be made without any apparent jump between one shot and the next. For 
this reason the chief subject of interest should be kept in the centre of the 
field and exposures arranged to give the same screen brightness, in all 
cases except where this would lead to an obvious falsification of tone value. 
Shots should start and finish, where possible, during some relatively- 
unimportant action or during a pause between actions. If dissolves are 
considered necessary, great care should be taken to ensure that no erro- 
neous impression is produced by the superimposition of the images. In 
particular, if there are extremes of light intensity in one or other of the 
two shots, some confusion is likely to be produced in the minds of the 
audience by the sudden appearance of the brighter part of the next shot 
in an unexpected position; particularly with shots containing much detail 
it is often hard to grasp that this is the beginning of a dissolve. For this 
reason dissolves should be fairly rapid and only employed when no such 
confusion can be caused. 
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Editing 

When the main shots have been taken and processed they must be 
assembled in the order decided in the shooting script and titles, diagrams 
and so forth, added as necessary. Titles can either be photographed by 
the operator or prepared by Kodak Limited to customer’s requirements. 
As a general guide to the length of time for which a title can appear on the 
screen it is suggested that 5 seconds be allowed for the first four words and 
half a second for each additional word. A greater length of time will be 
needed, however, for a very technical title or one containing unusual words. 
Where possible, long descriptions should be broken up into a number of 
shorter titles. Wording should be concise and clear and is only needed 
to bridge a gap in picture continuity or to serve as an occasional sub-head- 
ing in longer films. Formulae and data given on titles are rarely remem- 
bered and are best omitted unless they materially assist understanding of 
the film. Further information on titles and diagrams will be found in 
Data Sheet GN-3. Once the film has been assembled it can be projected 
and final decisions as to the length and order of shots will then be rela- 
tively easy. When the final form of the film has been decided it is ad- 
visable to have duplicates made for general showing and to keep the 
original carefully preserved as a master copy. 
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THE USE OF 16mm MOTION PICTURES 
IN COMMERCE AND INDUSTRY 


MoTION pictures on 16 mm film (safety base) are being used extensively 
in commerce and industry for :— 

(a) general propaganda 

(b) specific selling (i) home market 

(i) export market 

(c) staff and trade instruction at home and abroad 

(d) specific investigation 

While the war caused a curtailment of activities under some of these 
headings it enhanced the value of others. For example, the film is 
playing an even greater part than ever before in the export sales drive. 

Combinations of sound or silent, and monochrome or colour may be 
used. Sound may be recorded either at the same time as the picture is 
taken or subsequently, and any desired effects can be added. It has the 
advantage compared with silent films that greater continuity can be 
achieved and, if required, commentaries in any language can be prepared. 

The use of colour film does not raise the total costs of production to a 
prohibitive degree and it has the advantage, compared with monochrome 
films, of giving a more pleasing and natural result. 


General propaganda 
To “sell an idea”—Road Safety, Domestic Refrigeration, National 
Savings, etc.—to introduce new uses for glass, steel tubes, plastics, wood, 
etc.—or to establish or enhance the reputation of a firm or institution: for 
such purposes 16 mm films can be used in the following ways :— 
|. Road shows. This applies to the projection of films in the open air 
by means of mobile motor vans; the circularisation of propaganda 
films to schools, women’s institutes, civic centres, boy scout units, 
religious, political and other societies; and to special audiences 
invited by suitable local organisations, agencies or representatives 
concerned with the subject in question. 
2. Home shows. Some 100,000 private families (probably representing 
a total high-class audience of at least 500,000) now own sub-standard 
cine projectors. They are accustomed to supplement their own 
films by professionally-made productions hired or borrowed from 
film libraries. A certain number of commercial or industrial films of 
exceptionally high entertainment value find their way into these 
libraries, especially into the Central Film Library of the Central 
Office of Information. 


Specific selling: home market 

Motion pictures are most valuable to firms who find the advertising, 
demonstration and sampling of their merchandise difficult (e.g., manufac- 
turers of heavy machinery). Travelling representatives can carry films 
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showing how products work, how fast-moving mechanism functions— 
what goes on inside enclosed parts—scientific principles involved in 
manufacture and use. Such films can be shown to specialised audiences 
(boards of directors, groups of managers, etc.) or very conveniently to 
buyers and executives on their own desks by means of portable self- 
contained projectors. 

Silent sub-standard films are regularly used (often in preference to sound 
films in a noisy hall) at all trade exhibitions. 


Specific selling: export market 

Silent films speak the only universally understood language—that of 
pictures, and every argument for their use in the home market applies with 
redoubled force to their employment in overseas territories, especially in 
these days of intensified export selling. Such films put many of the 
resources of the firm’s headquarters directly at the disposal of even its 
most isolated representative. 

Silent films have the advantage that they can be readily captioned in the 
language of their audience. Kodak Limited offers this multi-lingual 
captioning service to all film makers, in the Kodak organisations which 
exist in practically every country. 


Staff and trade instruction 


By means of 16 mm motion pictures it is possible with great economy 
of time to give instruction in its most concentrated and explicit form. A 
topical example is engineering apprentice training. Acquired dexterity, 
or the fruit of years of selling experience, can be visually presented in a 
way that is not only easy to understand but is found extremely palatable 
by business staffs, retailers, and other trade audiences. Examples of 
organisations who have used films for staff instruction in this way are: 
J. Lyons & Co. Ltd., Selfridges Ltd., Ford Motor Co. Ltd., British 
Railways, Cement Marketing Board, and Kodak Limited. 


Specific investigations 

Besides conveying information, motion pictures can discover it. The 
scope of the high-speed cine camera and slow-motion film in technical 
analysis is gradually being realised. By its aid much has been learnt of 
such things as airflow on streamline, action of the wheel on motor tyre 
wear, the golf drive, etc., and many less obvious examples of motion- 
picture analysis (see Data Sheet IN-2). Less dramatic but equally useful 
film ‘“‘observations” have been made of such diverse subjects as the 
methods of handling and distributing Bibles overseas, the behaviour of 
traffic, the habits of wild life, and motion study of workers’ movements 
(see Data Sheet IN-7). 


The National Film Library of the British Film Institute plays an 
important part in the distribution of special films of all kinds, which can be 
hired by organisations or individuals. 
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The Scientific Film Association, through its appraisal committees, gives 
an objective assessment of many of the films on technical subjects which 
are available on loan or hire from the many film libraries. 

Kodak Limited, by virtue of its world-wide contacts, can offer every 
kind of advice and assistance short of actual film production. 

It markets six different varieties of 16 mm monochrome film, and two 
of colour film, all having a safety base. 


16 mm COLOUR SAFETY FILMS 

‘Kodachrome’ Movie Film, Daylight Type—The direct colour film which 
is virtually grainless and does not require special filters on camera or 
projector. For use in daylight. (See Data Sheet FM-2.) 


‘Kodachrome’ Movie Film, Type A—As above, but for use in Photoflood 
lighting. May successfully be used in daylight with the appropriate filter. 
(See Data Sheet FM-2.) 


16 mm MONOCHROME SAFETY FILMS 

Kodak ‘Tri-X’ Negative Movie Film—a panchromatic negative film of 
extreme speed. Intended particularly for filming under difficult lighting 
conditions, and when the negative-positive technique is preferred to 
reversal. Processed by the user or by cine processing laboratories, and 
not by Kodak Limited. (See Data Sheet FM-5.) 


Kodak ‘Plus-X’ Negative Movie Film—a high-speed, fine-grain, panchro- 
matic negative film. Itis suitable for all general work where the negative- 
positive technique is preferred to reversal. Also processed by the user 
or by cine processing laboratories, and not by Kodak Limited. (See Data 
Sheet FM-6.) 


‘Kodak’ Positive Movie Film—a low-speed, fine-grain, blue sensitive film 
used for the production of release prints from 16 mm film negatives. (See 
Data Sheet FM-7.) 


‘Eastman’ Fine-Grain Release Positive Film—an extremely fine-grain film 
of low speed used for the production of release prints from 16 mm film 
negatives. (See Data Sheet FM-8.) 


Kodak ‘Tri-X’ Reversal Movie Film—a panchromatic reversal film of 
extreme speed. As with the negative film of the same name, it is intended 
particularly for filming under difficult lighting conditions. (See Data 
Sheet FM-11.) 


Kodak ‘Plus-X’ Reversal Movie Film—a panchromatic reversal film of high 


speed and fine grain. A good general-purpose film. (See Data Sheet 
FM-12.) 
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THE SPLICING AND HANDLING OF 
SUB-STANDARD SILENT CINE FILM 


THE longest possible useful life of processed sub-standard cine films is best 
promoted by proper handling, repair and storage. The main causes of 
damage are :— 
-(1) Failure to keep clean the working parts of the projector. 
(2) Lack of care in projection. 
(3) Lack of inspection and repair of film and projector. 
(4) Improper re-winding of the film on to the projector re-wind. Much 
. damage is done by re-winding on to bent reels, re-winding too 
rapidly, overloading reels or “ cinching ” the film. 
Film must not be moist but must not be allowed to become dry. Clean- 
ing should be undertaken when necessary with ‘Kodak’ Cine Film Cleaning 
Fluid, in order to remove dust, grit and oil picked up from the projector. 


SPLICING 

A great deal of damage is caused by poorly made splices. Splicing is 
often referred to as “‘ sticking ” or “ glueing ” films together. Actually, a 
good splice is a weld—film bases should be fused. 

Cine film has several layers. These include: 

(1) The flexible film base which provides a strong and durable support. 

(2) The image layer, which consists chiefly of gelatine. In this is 

suspended the silver or dye forming the photographic image. 

(3) A microscopically thin layer, or substratum, between the base and 

image layer which binds them tightly together. 

It is impossible by ordinary means to cement the base side of one piece 
of film to the image side of another. Although the image and substratum 
are both extremely thin layers, they nevertheless must first be removed 
completely so that the two base surfaces can come in direct contact with 
each other. 


Types of ‘Kodak’ |6mm cine films 
These films fall into two distinct groups which differ in their treatment, 
however, only in the manner in which the base sides are prepared for 
splicing. The groups are as follows, and they are treated separately in the 
paragraphs below:- 
Group 1: Cine-Kodak ‘Tri-X’ Reversal Film 
Cine-Kodak ‘Plus-X’ Reversal Film 
Cine-Kodak ‘Tri-X’ Negative Film 
Cine-Kodak ‘Plus-X’ Negative Film 
Group 2: ‘Kodachrome’, Daylight Type 
‘Kodachrome’, Type A 
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Preparing the base side—Group | 


These films have a special anti-abrasion backing, and the most satis- 
factory splice is obtained if both surfaces which are to be joined (i.e., the 
base of one of the film ends as well as the image and substratum layers of 
the other) are scraped. If this is not practicable, cement may be applied 
to the base side to be joined, and wiped off before splicing. 


Preparing the base side—Group 2 


Usually the base side is sufficiently clean for splicing but if any dirt or 
oil has accumulated on this side of the film it must be removed before a 
satisfactory splice can be made. Rubbing with a cloth moistened with 
alcohol is generally effective in removing such coatings of unwanted 
material. Occasionally it may be necessary to roughen the back of the 
film with a fine abrasive, such as extremely fine finishing paper or 
extremely fine emery cloth, to prepare the surface for cementing. 
All abrasive particles must be removed after this operation lest they lodge 
on the film surface and cause bad scratches during later use. Touching 
the back of the film with a brush barely moistened with film cement, and 
then allowing this area to dry before splicing in the usual manner, is also 
effective in preparing the base of the film. If too much cement is used, 
the splice will probably buckle and may break after a few projections. 
Because of the dangers that attend the use of abrasives or cement on the 
back of film, their use is not recommended if they can be avoided. 


Removing the layers 

For a good splice, the top layers should be completely removed, leaving 
the front of the support bare to be surface-dissolved, or fused, into the back 
of the base of the film to which it is to be spliced. 

Most film splicers are equipped with scrapers which, when moved 
across the film on a suitable guide, remove the proper width of the layers. 
The depth removed depends upon the pressure applied and the number 
of scrapes, but the operation should be continued until all of the image 
layer and the substratum have been removed. Some splicers are designed 
to do this automatically. 

The scraping should be done with light strokes first, then with gradually 
increasing pressure until the image and substratum layers are completely 
removed. If too much pressure is applied too quickly, the perforations 
may become torn and the base gouged. 

When splicing uncoated leader or trailer to a film, no emulsion need be 
removed, as the base of the film itself is used to form the bond with the 
leader or trailer. If coated leader or trailer is to be used its base may be 
spliced direct to the base of the film, and again no scraping is required. 


Pre-treating with film cement 

If film is old and dried-out, it may be necessary to pre-treat with film 
cement both the prepared surface and the back surface of the film support 
to be spliced to it. The first application of cement to both sides is left 
on for only 3 to 4 seconds. It is then wiped off with a soft cloth, and a 
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second and final application of cement is made to the prepared surface 
only. Such an operation, which causes the film to absorb added. cement, 
may also cause splices to buckle, and must be used only when all other 
measures fail. It may be necessary to apply pressure to dried-out film for 
a slightly longer period (up to 30 seconds) than is required for film with 
more normal moisture content. 


Film cement 


‘Kodak’ Safety Film Cement is a chemical solution capable of dissolv- 
ing safety film base. In addition to a solvent, it contains other chemicals 
which stabilise its action. If a fairly large amount of cement is used, it 
should be kept in a stock bottle and a quantity sufficient for immediate use 
poured into a well-stoppered working bottle as required. When the 
cement is exposed to the air, the solvent evaporates and the cement becomes 
thick and gummy and may not make a satisfactory weld. 


Applying cement 

The cement should be applied by brush to the prepared surface in the 
proper amount (learned by experience) and then the cleaned back surface, 
or base, of the second film brought into contact with it and held under 
maximum uniform pressure for about 20 seconds. Many splicing blocks, 
especially those which are worn from long use, do not produce a uniform 
pressure over the entire area to be spliced. After the completion of the 
splicing operation, some workers have found that rubbing the spliced 
area with a soft cloth held over the finger gives added assurance of a better 
splice. 

The film is then lifted from the splicing block and inspected. The back 
of the spliced area should be wiped with a soft cloth before it is wound on 
tothe reel. If any excessive cement squeezed out of the weld is not wiped 
off, it may adhere to or leave a smear on the preceding or following 
convolution on the winding reel. 


Checking the splice 

When a perfect splice is made, one side of the film base is dissolved into 
the base of the other film. A splice of this type is a weld, because the once- 
separate surfaces have dissolved each into the other to form a continuous 
bond. 

After the spliced film is removed from the splicing block, it should not 
be subjected to unnecessary strain, such as test pulls or “snaps”, until 
it has had sufficient time to dry out or “set” properly. It should, 
however, be examined for general quality. It is advisable to make 
practice splices, which may be tested by pulling or “ snapping ” to deter- 
mine the strength of the splice. This is the only way to learn the “‘ feel ” 
of the process. The amount of cement to apply, the amount of pressure 
and how to apply it uniformly, and the length of time that pressure should 
be applied must be learned by experience. 

An excellent method of checking a splice is to examine it for reflective 
patches in the region of the bond. These indicate trapped air pockets or 
only partially removed substratum layer. 
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Causes of unsatisfactory splices 

If any of the image or substratum layers remains on the base in the 
prepared area where the splice is to be made, a good weld cannot be made, 
and the splice may not hold. Scratching or gouging the prepared film 
base near the emulsion edge should be avoided. Such scratches weaken 
the weld and may cause the film to break at this point but fine scratches 
are not serious and usually disappear into the weld. Not the least cause 
of unsatisfactory splices is the severe wearing away of the film by over- 
zealous scraping. 

The film may buckle at the splice after a short time if too much cement 
is applied and this may cause difficulty when the film goes through the 
projector gate. If too little cement is used, the splice will be welded only 
in spots where sufficient cement was applied. A splice such as this may 
not last long and will break or pull apart under the slightest strain. If the 
spotty appearance of an imperfect weld is observed on inspection, more 
cement van be applied to the unwelded area without breaking the splice, 
and uniform pressure re-applied. If the splice is not repaired, the edges 
will remain loose and may tear easily. 


HANDLING 

It has been found that a great deal of damage to library films takes place 
at the beginning of the film reel. This indicates that projectors are often 
threaded incorrectly and that several feet of film may be scratched or 
perforations torn due to the claws or sprocket teeth not engaging the 
perforations properly. Great care should be taken to see that the pro- 
jector is properly threaded, according to the maker’s instructions, so that 
such damage is avoided. It will be found that most film libraries provide 
sufficient black leader on each reel of film to test thoroughly whether or 
not the film is properly threaded and the projector functioning satis- 
factorily. In general, library films should not be rewound and in case of 
a break should not be spliced, as most libraries prefer to carry out these 
operations using their own methods and their own personnel. 


STORING 


Recommendations for the storage of monochrome films are given in 
Data Sheet RF-6, and for colour films in Data Sheet CL-4. 
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16 mm, CINE-MICROGRAPHY 





THE combination of the cinematograph camera with the microscope con- 
stitutes a powerful and versatile tool adaptable to many branches of 
research. 

The most valuable features of this technique are :— 


(1) Complete control over the apparent speed of the object. 
(2) Permanent records are obtained. 


(3) Time is saved, as the apparatus can be made automatic in opera- 
tion. 


Apparent speed of the object 


It is well known that unless an object moves within a comparatively 
small range of speeds, it is very difficult and often quite impossible to 
observe its movements. The speed may be either too fast or too slow. 

In the first case, the motion can be analysed, using cinematography, by 
running the camera faster than the normal speed of the projector (16 or 
24 frames per second), giving what is known as “ slow motion ” whereby 
the object appears to move more slowly than normal (see Data Sheet IN-2), 
and in the second case the motion can be synthesised by running the 
camera slower than the normal speed of the projector. This is known as 
“time-lapse ” cinematography and the object appears to move more 
rapidly than normal. The object can therefore be made to move at the 
speed most suitable for examination. 
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Figure 1 
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Figure 1 shows the relation between camera speed and apparent speed 
of the object on projection of the film for the range of one picture per 
500 seconds, to 1000 pictures per second. It also shows the longest time 
for which a 16-mm. camera can be run over this range of taking speeds 
when using 100 ft. of 16-mm. film. 

In addition, when using the microscope, the apparent rate of movement 
of the object is dependent upon the magnification and therefore the final 
rate of movement on projection will depend upon both the magnification 
and the camera speed. Consequently, the camera speed should be 





Figure 2 = Anti-vibration mounting for microscope. 

Steel plate measuring 18 X 13 x 2in., mounted on rubber. 

Anti-vibration mounting made from 3 Xx 2-in. mild-steel 

bar and camera support consisting of the bed of a 4-in. 
Drummond lathe 


increased if the magnification is increased, unless an increase in apparent 
speed is specifically required. 

The speed at which the camera should be run must therefore be 
decided partly from the apparent acceleration or retardation which is 
desired on projection and partly by the magnification given by the micro- 
scope. 

As apparatus for work of this nature will probably have to be constructed 
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by the user, the following notes may be found of value. 


Microscope 


Any good microscope of solid construction may be used provided it is 
fitted with a wide body-tube, mechanical stage and a centring sub-stcge 
to take a variety of condensers and dark-ground illuminators. 

As 16-mm. film can only accommodate a small image projected upon 
it, very high magnifications are seldom required and much work can be 
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Figure 3 Camera with Electric Release and Watching 
Eyepiece. The fine adjustment of the microscope can be 
seen to the left of the watching eyepiece 


done with photomicrographic lenses used as a simple microscope with 
extension tubes and without an ocular. For higher powers, good quality 
microscope objectives should be used (preferably apochromats), and 
always with a suitable ocular. 


Watching eyepiece 
It is essential to make provision for visual observation of the specimen 


during filming, not only to check that it has not moved from the field of 
view, but also to maintain correct focus. This is accomplished by using 
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a watching eyepiece such as that made for 16-mm. cameras by W. Watson 
& Sons Ltd. The observation ocular contains a graticule showing the 
camera field of view and receives only about 10 per cent. of the light 
transmitted by the microscope. Preliminary adjustments must be made 
so that the images observed and projected on to the film are both in focus 
at the same time (Figure 3). 


Illuminating system 


The illuminating system will be similar to that used for normal photo- 
micrography either for high or low powers. Suitable light sources are 
tabulated below :— 


Electric filaniiaant Radiation 


supply present Suitable for 


D.C. | 100 c.p. ‘Pointolite’ | U.V., visible and I.R. | Low and medium powers 


——_—_—_—————_ with transmitted light and 
A.C. 6v. 18a. Ribbon visible and i.R. dark-ground illumination. 
Filament Lamp. Camera speeds up to 64 

frames per second. 


Carbon arc. U.V., visible and I.R. | High powers with trans- 
mitted light and = dark- 
ground illumination. 


A.C. 250w. Compact U.V., visible and I.R. | Phase-contrast microscope. 
or Source Mercury 
D.C. Lamp. 


_ Sun (Heliostat U.V., visible and I.R. | High camera speeds with 
required). dark-ground illumination. 





Filters will be necessary according to the following table :— 
Type of Filter Purpose 
Neutral-density Reduction of illumination to correct value for exposure. 


The sub-stage iris diaphragm should never be used for this 
purpose. 





Colour For modification of contrasts with coloured objects. For 
phase-contrast work the mercury-green line is generally 
used. Use the mercury lamp with the ‘Wratten’ filter 
No. 77. 


Colour-correction | To correct colour temperature of illuminant when using 
‘Kodachrome’ film (see ‘ ‘Kodachrome’ Photomicrography 
of Stained Slides,’’ R. P. Loveland, J. Biol. Phot. Assoc., 
Xil, June 1944, pp. 143-157 or B. J. Phot., 92, Dec. 14, 
pp. 408-410 and Dec. 21, 1945, pp. 418-419. 


Special Water cooling trough or heat-absorbing glass to remove 
I.R., ‘Wratten’ No. 2B filter to absorb U.V. 





When filming living biological material, filters should always be used to 
remove both infra-red and ultra-violet radiation and the preparation should 
be shielded from illumination except at the moment when exposures are 
to be made. 
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Focusing 

Focusing must be very carefully carried out and while some types of 
object, under low magnifications, may be focused direct on the ground- 
glass focusing screen of the ‘Cine-Kodak’ Special, many objects under 
higher powers will be of low contrast, or dimly lit with dark-ground 
illumination, and it will be difficult or impossible to see fine detail within 
the main structure. To overcome this difficulty, a clear glass focusing 
screen must be used and this is possible when using this particular camera. 
The film magazine should be removed from the camera and a brass ring 





Figure 4 Method of fine focusing showing spacing 
ring, clear glass screen, magnifier and viewing prism 


(about 1-in. internal diameter) placed over the aperture of the camera 
through which the image is projected. This ring should be made exactly 
0°102 in. in depth. Place on this ring a clean microscope slide with a fine 
diamond scratch on the lower surface. On this slide place a focusing 
magnifier set to the sight of the user so as to focus the scratch accurately. 
For convenience of viewing, a small 90° reflecting prism may be placed 
on the top of the magnifier. With this method of focusing, the finest 
details can be easily seen and the watching eyepiece adjusted for perfect 
focus. (Figure 4.) 
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Films and test exposures 


For general work in black and white, including phase-contrast work, a 
panchromatic reversal film such as ‘Cine-Kodak’ 16 mm. ‘Super-X’ film, 
is recommended, while ‘Cine-Kodak’ 16 mm. ‘Super-XX’ may be used 
when circumstances demand a very fast film. 

In phase-contrast work requiring very high contrast, it may be desirable 
to use the special ‘Kodak’ 16 mm. film for Cine Photomicrography. 

Owing to the number of variable factors in this work, test exposures 






































Figure 5 Complete apparatus showing camera with 
electric drive 


should always be made before starting arun. It is convenient to keep one 
film chamber loaded with film specially for this purpose. Two or three 
short lengths of film should be exposed with different neutral-density 
filters in position between the illuminant and the microscope and this 
short piece of film should be cut out in total darkness and developed to a 
negative. Develop ina deep dish in D.19b ‘Kodak’ developer for 64 min. 
at 68° F. with continuous agitation. As the final film will be processed 
to a positive by the reversal method, it is desirable to select as the “‘ best ”” 
negative one which is rather dark, so that the final positive will be rather 
light and suitable for projection. The portions of the image which should 
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Figure 6 Left, time-lapse mechanism operating camera by means of the ‘Kodak’ 
Electrical Release Control shown on right 





Figure 7 Complete apparatus for time-lapse cine-micrography of living biological 
material showing incubator, watching eyepiece, camera, timing mechanism, illuminating 
system, electric release control box 
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appear white on projection should be almost opaque when the negative 
is viewed by transmitted light. 

If the object is coloured, ‘Kodachrome’ film may be used. As the 
method of test exposures is not suitable for this type of film, experience 
and accurate notes of all variable factors are the best guide to correct 
exposure. Comparison with a black-and-white film on which tests can 
be made, such as 16 mm. Kodak ‘Plus-X’ Negative film, is also useful 
(see Data Sheet SC-6). 


Accessory apparatus 


The apparatus so far described is suitable for many types of work but 
certain accessories will be required for particular applications. 

If the apparent movement of the object is to be much accelerated, a 
time-lapse mechanism will be necessary to make single exposures at pre- 
determined intervals. Such a unit can be constructed from ‘Meccano’ 
parts and can be driven by a small 4-r.p.m. synchronous motor of the 
clock type. Belt drive from the motor is preferable to gears and the belt 
should be tensioned by a jockey pulley. It is important not to have the 
belt too tight or the motor will be overloaded and have a tendency to 
change the direction of rotation from time to time. The shaft driven by 
the motor may rotate faster or slower by the choice of suitable pulleys and 
should carry a light-weight sector shutter of about 10 or-12-in. diameter. 
The unit is placed so that the shutter interrupts the beam of light before 
it reaches the microscope. On the shaft carrying the sector shutter a 
simple cam operates a contact connected to the electrical release of the 
camera so that an exposure is made at the instant that the illumination is 
allowed to reach the object. An electric counter can be added, if desired, 
to record the number of exposures made. (Figure 6.) 

If living biological material in vitro is to be studied, it will be necessary 
to make provision to keep the preparation at the correct temperature. 

Warm stages for the microscope are not very satisfactory over long 
periods and some form of incubator will be necessary. This should con- 
tain the whole microscope and be fitted with inspection windows, a closed 
aperture for manipulation of the microscope stage, sub-stage, etc. 

A suitable incubator can be constructed fairly easily out of thick card- 
board lined with sheets of compressed cork. Such an incubator will be 
subject to a rather steep temperature gradient within it and it is important 
to arrange the thermostat to be near to and on the same level as the micro- 
scope stage, otherwise difficulty may be encountered. 

The fine adjustment for focusing the microscope must be extended to the 
outside of the incubator by means of a rod fitted with a flexible coupling 
made of stout rubber tube. (Figure 7.) 

This description is necessarily brief and relates to one particular type 
of equipment only and it is suggested that further information on cine- 
micrography can be obtained from the following publications. 
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DATA ON 16mm. ‘GINE-KODAK’ EQUIPMENT 
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TABLE | 


Model 


‘Cine-Kodak’ 


Special U* 


Cine-Kodak 
‘Royal’ Magazine 


‘Cine-Kodak’ 
Model K * 


‘Cine-Kodak’ 


Model E * 
f/1-9 lens 


‘Cine-Kodak’ 


Model E 
f/3°5 lens 


‘Cine-Kodak’ 


Model B B Jun. 
f/3°5 lens 


‘Cine-Kodak’ 


Mode! B B Jun. 
{/1°9 lens 


Mechanical features of 16 mm. ‘Cine-Kodak’ cameras 


Length of 
film 
accepted (ft.) 


Weight 


50, 100 (200 
with special 
film chamber) 


without 
accessories 


2 Ib. 14 oz. 


3 Ib. 12 oz. 


4b. 15 oz. 


4b. 15 oz. 50, 100 


3 1b. 4072. 


*Accepts interchangeable lenses. 


TABLE II 


Camera speed 
(frames per 
second) 


8 
16 
24 
32 
48 
64 


CN-5 


Length of 
film run per 
winding (ft.) 


Speeds 
(frames per 
second) 


Remarks 


Reflex finder. Maga- 


zine loading. Adjust- 
able shutter opening. 


tinuously 


16, 24, 64 | Separate focusing view 


finder available. Maga- 
zine loading. 


16, 32, 64 


16, 32, 64 Fixed focus lens. 


Fixed focus lens. 


A special model was 
available with inter- 
changeable lens. 





Exposure times for various camera speeds 


All *Cine-Kodak’ 
cameras (except 
‘Cine-Kodak’ Special) 


1/18 
1/35 
1/50 
1/70 


1/140 sec. 


sec. 
sec. 
sec. 
sec. 





Shutter open 


‘Cine-Kodak’ Special Camera 


Half open Quarter open 
1/35 sec. 
1/70 sec. 
1/105 sec. 
1/140 sec. 
1/210 sec. 
1/280 sec. 


1/70 sec. 
1/140 sec. 
1/210 sec. 
1/280 sec. 
1/420 sec. 
1/560 sec. 


1/105 sec. 
1/140 sec. 


TABLE Ill Change of aperture with change of camera speed 


Camera speed 
(frames per second) 


Lens apertures 
(f/ numbers) 


For acceler- | For use in] Standard| Standard Slow Slow mo- 
ating slow] poor light.|speed for|speed for motion. tion for the 
movement, silent films. | sound films. analysis of 
or obtaining moderately 
increased fast move- 
exposure in ments. 

bad light. 


Application 





t+ When lens aperture cannot be reduced below f/16, use a neutral-density filter. 


TABLE IV Footage exposed at various camera speeds 


Duration of Camera speed (frames per second) 
shot - 


| sec. 
5 sec. 
10 sec. 
15 sec. 
20 sec. 
25 sec. 
30 sec. 
40 sec. 
50 sec. Ss 
I min. 0 sec. 
{ min. 15 sec. 
| min. 30 sec. 





DUNO OAUNAWN— 





16mm. film has 40 frames per foot. 
No single shot should ever be shorter than 2 feet before editing. 
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TABLE V Depth of field tables for ‘Cine-Kodak’ lenses 


The distances given in the following tables are measured, in feet and inches, 
from the front of the camera in all cases except the 25 mm. f/1°4 and the 50 mm. 
f/1°6 lenses. With the 25 mm. f/1°4 lens, the distance is measured to the film- 
plane line inscribed on the film-chamber door. With the 50 mm. f/1°6 lens, the 
distance is measured to the engraved focusing line on the lens barrel. The depth 
of field for apertures and distances not given can be estimated. 


With lenses for 16 mm. ‘Cine-Kodak’ cameras the circle of confusion is taken 
as 1/1000-inch. 


‘KODAK’ CINE-‘EKTAR’ {/1-4, 25 mm.(I in.) AND ‘KODAK’ ANASTIGMAT f/1-9, 25 mm. (I in.) 






















£/\-4 


Distance 
focused from to from to 


INF. 60 2| inf. | 42 21] inf. 
30 feet | 20 | (59 6] 17 7 |103 - | 15 


15 feet 12 Osf19 TEP Ut g)/23) 2 7 10 
10 feet 8 7EI1 MG] 8 14]13 OF 

8 feet 7 |']9 21 6 9|9 931 6 
6 feet 5 53] 6 73} 5 32a] 6 Ila] 5 
5 feet 4 7315 St} 4 5315 72) 4 
4 feet 3 93) 4 34] 3 84) 4 43) 3 
3 feet 2 103) 3 13] 2 9313 23) 2 
2 feet I 2 | 2 ' 


Distance 
focused 







































INF. i 8 - | inf. 5 9 : 4 - a - 3 

15 feet 6 8 i 5 3 | inf. 4 2 | inf. 3 2 5 9 S 
8 feet 4 -|] 4 -| inf. 3. 4 | inf. 2 8 i 7 
6 feet 4 - -| 3 5/23 -] 3 -| inf. 25 zi 6 : 
5 feet 3 7 7] 3 [113 -}] 2 8138 -| 2 3 zs 5 
4 3 - -| 2 8/}8 -] 2 4]13 -] 2 - 4 : 
3 25 -]| 22/4 9] 2 -|6 3 19 - 24 : 
21 2] ttl] 3 7 19/4 5 16/6 7 13] inf. 

19 5 17/2 8 1 6)3 -]|] | 4/4 - - 

14 87 ' 37 tlofy § 272 -7 | t)2s 103) 6 - 

1 og 5 1ouyd 6 1! -}1 7] -tlgyp tl 9 9113 1 

-ll ! - 103) | 1 - 103) 1 27 - 92/1 4 st} 1 tl 

- Of oz] - 9) - 11] - 83) - 113) - Bh) - 7/15 

- 8 or] - - 93] - 8] - 10d} - 73) - 11 62} | 2 

- 7 83] - - 8] - 74/- 9] - 7] - 9 6,1 - 

- 63 74] - - 73] - 64 - 73] - 64) - 8 - 10 

- - - 6g) - Sd - 65) - Sd} - 64 - 72 


‘KODAK’ ANASTIGMAT [/3-5, 20 mm. (13 in.) 


16, 


Distance 
focused 


INF. 
feet 


feet 
feet 
feet 
feet 
feet 
feet 
feet 
4} feet 
4 feet 
34 feet 
3 feet 
24 feet 
2 feet 


a 
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‘KODAK’ ANASTIGMAT f/2-7, 63 mm. (2; in.) 


Distance f/2:7 
focused from to to 
INF. [193 


50 feet | 40 
25 feet | 22 
14 
9 


5 
as 


Nn 
HKNNWAUDO—OOD 


1S feet 162 
10 feet 
8 feet 
6 feet | 5 
5 feet | 4 
4 feet | 3 
2 
2 
| 
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8 
3 
| 
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‘KODAK’ ANASTIGMAT [/2-7, 102 mm. (4 in.) 


inf. |238 inf. 167 - | inf. 121 
500 - |109 1250 -| 91 - | inf. 75 
143 - | 70 172 -] 62 - ey 
28 -| 21 10 | 29 
13 10 | 16 

121 
10 


=-—-N 
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‘KODAK’ ANASTIGMAT £/4:5, 76 mm. (3 in.) 


Distance 
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‘KODAK’ ANASTIGMAT £/45, 114 mm. (43 in.) 
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‘KODAK’ ANASTIGMAT [/4:5, 152 mm. (6 in.) 


inf. $40 - | inf. 4375 275 inf. 1190 
1000 - ]230 - |1580-j195 inf. [128 
285 -]146 - | 320-|130 750 -| 97 
84 -| 123-]| 79 157 -]| 65 
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TABLE Vla Field sizes at distances less than | foot with 
‘Kodak’ Anastigmat f'2°7, 15mm. (3 in.) 


Distance to subject 





TABLE VII Adjustment for extreme close-ups 


Many of the lenses in the Kodak range can be adjusted to obtain large 
images at close working distances by releasing a plunger or removing a red 
stop screw. The appearance of a red line on the lens mount indicates 
that the lens has been racked out beyond the shortest distance engraved 
on the focusing scale, and that only visual focusing with either the ‘Cine- 
Kodak’ Special reflex finder or the focusing finder for the Cine-Kodak 
‘Royal’ Magazine camera should be employed. 


Minimum focusing Minimum focusing Minimum 
‘Maxitnuni distance to front distance to front field sizet 
aperture edge of ‘Cine-Kodak’ of Cine-Kodak (inches) 
P Special door ‘Royal’ Magazine 
(inches) (inches) Width Height 


63 mm 
76 mm. 
102 mm. 
114 mm. 
152 mm 


50 mm /3° i 1% 





t Based on projector aperture °380 x -282 inches. 


TABLE VII! Field sizes with lens tube extension 


A set of four extension tubes, 4 in., 1 in., 2 in. and 4 in., is supplied for 
use with the ‘Cine-Kodak’ Special and Magazine ‘Cine-Kodak’ cameras 
when large images of subjects from about 1/20th to 1/3rd inch long are 
required. The following table shows the minimum field sizes obtainable 
with various lenses, using the 1 in., 2 in. and 4 in. tubes in combination. 


Minimum field size (inches) with 
7 in, extension 
Lens 


Width Height 


25 mm. (I-inch) f/ 
50 mm. (2-inch) f/ 


1-9 
3°5 
63 mm. (24-inch) f/2:7 
76 mm, (3-inch) f/4°5 
102 mm. (4-inch) f/2°7 
114 mm. (4$-inch) f/4°5 
152 mm. (6-inch) f/4°5 
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TABLE IX Filter factors for use in 16 mm. cinematography 





‘Plus-X’ ‘Super-X’ “‘Super-XX’ 


Filter Colour 





‘Cine-Kodak’ CK-3.. Yellow ‘ 2 2 2 
‘Wratten’ No. 1A. . Very faint pink | | I 
‘Wratten’ No. 2B. . Very faint yellow . | | I 
‘Wratten’ No.8 . . Yellow 2 2 2 2 Ik 
‘Wratten’ No.9 . . Medium yellow 2 2: 2 Ig 
‘Wratten’ No. I]. . Light yellow-green 4 6 4 4 
‘Wratten’ No. 15. . Very deep yellow . 3 24 2: 2 
‘Wratten’ No. 25... Red 2. 2... 7 8 8 4 
‘Pola'-screen. . . . Neutral 2 2 2 2 

D—Daylight factor. T—Tungsten factor. 

TABLE X Lens aperture adjustment for various filter factors 


a eS re, 
as ae itk x4 x6 x8 x16 x32 x64 
no filter on lens usef/ | usef/ | usef/ | usef/ | usef/ | use f/ 
32 16 12:5 It 8 56 4 
2 9 8 5-6 4 2-8 


63 5°6 4 


4 





The correct aperture for any filter factor not shown may be estimated by comparison. 


Product names quoted thus—‘Kodak’—are trade marks 
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KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





CINEMATOGRAPHY 





CN-I 
CN-2 
CN-3 
CN-4 
CN-5 


Making Technical Sub-standard Motion Pictures. 

The Use of 16 mm Motion Pictures in Commerce and Industry. 
The Splicing and Handling of Sub-standard Silent Cine Film. 
16mm Cine-micrography. 

Data on 16 mm ‘Cine-Kodak’ Equipment. 


Associated Data Sheets contained in other sections 


GN-3 
EQ-| 
EQ-2 
IN-2 
IN-3 
IN-7 
IN-17 
ED-| 
SE-4 


Making Simple Titles and Diagrams for Films and Film-Strips. 
The ‘Cine-Kodak’ Special Il Camera. 

The ‘Kodak’ High-Speed Camera. 

High-Speed Photography. 

Automatic Recording of Instrument Panels. 

Photographic Techniques in Motion Study. 

Photography in the Textile Industry. 

Projection for Teaching Purposes. 

Lengths of ‘Kodak’ 16 mm and Double 8 mm Cine and 35 mm 
Miniature Films. 


TPS2WPI 1059 


AUDIOVISUAL 


CONTENTS EDITION 

AV-I| Still and Cine Projection Issue A 

AV-2 The Splicing and Handling of Narrow-Gauge Issue A 
Cine Film 

AV-3 Making Titles, Diagrams, and Animated Effects Issue A 


Associated Data Sheets In Other Sections 


RF-3 Optical Formulae and Depth-of-Field Table 
RF-4 Scales for Determining Copying Factors 


SE-4 Lengths of ‘Kodak’ 8 and 16 mm Cine, and 35 mm Miniature 
Films 


Kodak is a trade mark KODAK LIMITED LONDON 


PDDB-20/x WP9/1 1-68 


KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





EQUIPMENT 





EQ-3 ‘Kodisk’ Lens Attachments. 

EQ-5 ‘Kodatrace’ Drawing Material. 

EQ-6 The Vibration Insulation of Photographic Equipment. 
EQ-7 ‘Kodak’ Specialist 3 Camera. 


Associated Data Sheets contained in other sections 


CN-5 Data on 16 mm ‘Cine-Kodak’ Equipment. 

XR-4 Lead Intensifying Screens. 

PR-4 Processing Recording Films and Papers. 

PR-6 The Selection of Materials for the Construction of Photographic 
Processing Apparatus. 


TPDB-25/xWP8/363 


THE ‘CINE-KODAK’ SPECIAL Il CAMERA 


THE ‘Cine-Kodak’ Special camera has established itself as the standard 
16-mm. camera for medical, industrial, scientific and technical film pro- 
duction. Post-war requirements in advanced amateur and professional 
sub-standard cinematography have resulted in an improved version, the 
‘Cine-Kodak’ Special II camera. 

With all controls localized on the right-hand side of the camera, the 
‘Cine-Kodak’ Special II camera offers all the facilities provided on stan- 
dard professional motion picture cameras; in fact many effects which are 
normally produced in the processing laboratories can be made directly in 
the camera. Interchangeable 100 ft. and 200 ft. film chambers provide 
facilities for changing from one film to another without unloading, or for 
quick replacement with the minimum of delay. Extended shafts from the 
camera mechanism allow for both back winding and coupling to an 
electric-motor drive. 


Construction 

The body of the camera is die-cast in a light but exceedingly strong 
alloy, machine finished to extreme accuracy. The camera itself, though 
appearing as one complete unit, is made in two sections, divided longi- 
tudinally. The right-hand side of the camera contains the motor, controls 
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and lens turret; the other, the film chamber, contains the intermittent 
mechanism sprockets and spool pillars. Both sections are held in accurate 
alignment by a positive locking system. 


Camera motor 


The camera mechanism is driven by a powerful spring motor which 
gives a range of film speeds from 8 to 64 frames per second. The motor is 
operated by the exposure button which is located on the front of the 
camera; by a slight downwards pressure on the button, it can be locked 
in the running position. A special cushioning device enables the motor 
to be stopped instantly when the button is released without fear of damage 
to the shutter mechanism. The spring of the motor is wound by means 
of a hand crank, which folds conveniently out of the way when not in use; a 
warning bell rings when the motor is fully wound and again when nearly 
run down. Approximately 35 feet of film can be exposed with one wind- 
ing between warning bells; an extra six feet of film (or 7 seconds’ running 
time at 16 f.p.s.) can be obtained if the full run of the motor is utilized. 


Variable speed control 

The variable speed dial mounted on the control panel of the camera 
permits a selection of film speeds for both slow-motion and accelerated- 
motion screen effects. The dial can be set to 8, 16, 24, 32 or 64 frames per 
second; intermediate speeds can be obtained by setting the indicator 
between the speeds marked. All speeds are governor controlled to ensure 
constancy, a feature that is maintained throughout the run of the motor. 
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Eight-frame and single-frame shafts 


A detachable hand crank can be attached to either shaft to give complete 
hand control over both film transport and shutter operation. The eight- 
frame shaft, which exposes eight frames for each complete turn of the 
handle, enables the mechanism to be wound forward for hand operation 
(the motor governor resists any tendency to overwind), wound back for 
special effects, or acts as a coupling for an electric motor for continuous 
operation. The single-frame shaft, which exposes one complete frame 
for each turn of the handle, can be used for prolonged exposures or hand- 
controlled single-frame work. When not in use the crank is left attached 
to the eight-frame shaft, from which position it can be folded neatly out 
of the way. 


Single-frame release 


This button, which sinks flush with the camera body when not in use, 
automatically exposes one frame each time it is depressed. By using this 
release, instead of using the single-frame shaft, a uniform series of expo- 
sures is assured. One of the many uses to which the single-frame release 
can be put is for the production of animated sequences and titles. Manu- 
ally operated time-lapse studies can also be made in this manner. 


Variable shutter control 


A small lever, located beneath the right thumb as the camera is held in 
the operating position, varies the angle of the shutter blade opening from 
175° when fully open to zero when completely closed. Fades, lap-dis- 
solves and many other screen effects can be produced by various combina- 
tions of shutter control and back winding. 

The variable shutter can also be used to compensate exposure when 
large lens apertures are required. The high effective shutter speed ob- 
tained by closing the shutter also contributes towards obtaining sharper 
pictures of fast-moving objects. 

To prevent the inadvertent use of the camera when the shutter is closed, 
an audible warning sounds to warn the operator of the shutter setting. As 
an aid to exact timing, the shutter control and the exposure button are 
interlocked; when the shutter control lever reaches the fully closed position 
the motor automatically stops. 


Film meters and frame counter 


A built-in film meter in the top of the camera to show the amount of film 
exposed, individual meters on each film chamber to show the amount of 
unexposed film remaining, and a frame counter in the control panel to 
identify any particular frame in the roll, give a clear and accurate indication 
of the progress of the film through the camera. 


Interchangeable film chambers 


Each film chamber is made as a self-contained unit containing the com- 
plete mechanism for film-transport. Film chambers can be quickly 
exchanged with the full assurance of accurate frame registration. A spring- 
loaded clutch automatically provides a positive coupling between the 
camera motor and the film-transport mechanism. The film chamber is 
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held in position by a quick-release lock, conveniently placed at the rear of 
the camera. A button, located on the front of the film chamber, operates 
a shield which covers the film aperture; this button must be set to “closed” 
before the chamber can be removed, and to “‘ open ” before the camera 
can be operated again. 

A line engraved on the front edge of the film chamber door indicates the 
exact position of the focal plane for accurate measurements of subject-to- 
film distance. 


Lens turret 


The revolving lens turrent of the ‘Cine-Kodak’ Special II camera 
accommodates any two of the wide range of ‘Cine-Kodak’ lenses available 
for this camera. Either of these lenses can be instantly brought into the 
taking position by revolving the turret through 180°. The turret is so 
designed that, irrespective of the lens combination, the lens not in use 
does not encroach upon the field of view of the other. 


Lens mounting 


Each lens is held in exact position by a knurled collar attached to the 
lens turret. Though held rigidly, the lens can be easily and quickly re- 
placed by others of different focal length. Both lenses can be located in 
any one of four positions to bring the scales to the most convenient position 
for reading. A dust cover excludes dust and grit from the lens seating 
when not in use. 
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‘Available lenses 


In addition to the 25 mm. f/ 1-4 Cine ‘Ektar’ lens normally fitted, a wide 
cangle lens and four telephoto lenses of various focal lengths are available. 
All lenses are ‘Lumenized’ (hard coated) on all surfaces to obtain maximum 
‘optical efficiency. The table on page 6 shows the features and various 
‘characteristics of each lens. 


‘Reflex finder 


By pressure on a small plunger, a prism is brought into position behind 
the camera lens. This prism deflects the image formed by the lens to the 
top of the camera where it is viewed through a magnifying lens. The 
image as seen through this lens is an exact indication of that which will be 
recorded on the film. Crossed lines engraved on the prism aid accurate 
framing and the exceptionally brilliant image facilitates critical focusing. 
‘The prism automatically drops out of the way and a shutter covers the 
finder immediately the motor is started. The reflex finder is of immense 
value for accurate work, as when making extreme close-ups using large 
‘apertures. 


‘Eye-level finder 

Each taking lens has a matched front-finder lens which shows the field 
-of view obtained with the taking lens. These finder lenses can be slipped 
into position under a spring-loaded stud and, when not in use, can be 
swung to one side where they are protected from damage. 

Hinged rear sights are fitted to each film chamber and fold flat when not 


5 EQ-1 


EQ-| 


Focusing 
Range 


6 in.— inf. 


12 in.— inf. 


2 ft.—inf. 


Id ft.—inf. 


44 ft.—inf. 


10 ft.—inf. 


Angle of 
View 


34° x 25°5° 


21-5° x 16° 


85° x 6°5° 


35° 2°5° 


Remarks 


Wide Angle lens. 
Covers approxi- 
mately 55% greater 
field of view than 
the standard lens. 


Standard lens. Can 
be used as a fixed 
focus lens when set 
at I5ft. and with 
lens stops smaller 
than f/5-6. 


Telephotolens giving 
2 times image size of 
standard lens. 


Telephotolens giving 
24 times image size 
of standard lens. 


Telephotolensgiving 
4 times image size of 
standard lens. 


Telephotolens giving 
6 times image size of 
standard lens. 





in use. The position of the rear sight lens is adjustable and provides 
compensation for parallax error from infinity to two feet. 


Accessories 


Masks. A set of six thin metal masks, which can be slipped between 
the lens and the film, allow a variety of montage and other trick effects to 
be made in the camera. Horizontal and vertical half-masks can be used 
for the double exposure technique, whilst the circular masks give “ vig- 
nette ” and “ binocular ” effects. 


Tripod. Fitted with telescopic legs which provide height adjustment 
between 2 ft. 11 in. and 5 ft. 43 in. from the ground and a graduated 
panoramic head allowing a 360° horizontal and 180° vertical movement, 
the tripod provides a means for making full use of the versatility of the 
“Cine-Kodak’ Special II camera. Both 100 ft. and 200 ft. film chambers 
can be removed from the mechanism half of the camera without removing 
the camera from the tripod. Designed for maximum rigidity and versa- 
tility, the tripod can be neatly compacted for easy transport. 


Carrying Case. A well designed and beautifully finished carrying and 
storage case to hold the ‘Cine-Kodak’ Special II camera, spare film 
chamber and spare film, with a partitioned cupboard to accommodate four 
spare lenses, is supplied with each camera. 


Reflex Image Magnifier. This transmits the reflex finder image, “‘right- 
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way-round ” and magnified several times, to the back of the camera where 
it can be conveniently viewed from the operating position. 


Optical Finder. The Optical Finder shows the matched field of view 
for any ‘Cine-Kodak’ lens by simple adjustment of a graduated scale. 
The finder provides parallax correction down to 2 feet distant from the 
camera. 

The Optical Finder and the Reflex Image Magnifier must, however, be 
fitted to the camera at the factory to ensure accurate calibration. 


Extension Rings and Spacer Rings. A set of two lens extension rings 
and a spacer ring enables any one of the lenses to be used for high-magni- 
fication work, as when photographing extremely small objects. By 
various combinations of extension rings and spacer ring used with different 
lenses, a field size as small as 1-34 x 1°79 inches can be obtained. 


‘Kodak’ Lens Attachments. These attachments can be fitted to all 
‘Cine-Kodak’ lenses to accommodate colour filters, neutral-density filters, 
‘Pola’-Screens, etc., either singly or in combination. 


Service 


A comprehensive service is offered by Kodak Limited for the main- 
tenance and repair of all types of “‘Cine-Kodak’ cameras and equipment. 
Particulars can be obtained from Equipment Services, Kodak Limited, 
Wealdstone, Harrow, Middlesex. 


Cine-Kodak, Ektar and Lumenized are trade marks 
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‘KODAK’ COMBINATION 
LENS ATTACHMENT SYSTEM 


UNDER this group title, Kodak Limited produces a range of components 
which can be assembled to make several alternative lens accessories. These 
include positive supplementary lenses, filters, ‘Pola’-screens and lens 
hoods (separately or in any combination) in fittings which can be slipped 
on to almost any lens mount. 

The word “combination” is applied only to the system and the range 
of components as a whole; the individual components as illustrated below 
are :— 

. ‘Kodak’ Lens Attachment (with Retaining Ring) 
. ‘Kodak’ Coupling Ring 
. ‘Kodak’ Step-up Ring (with Retaining Ring) 
. ‘Kodak’ Lens Hood 
The optical accessories accommodated are :— 
a. ‘Kodak’ Filter 
b. ‘Wratten’ Filter (when mounted in metal rim) 
c. ‘Portra’ Lens 
d. ‘Pola’-screen mounted in Coupling Ring 


Bon 


The metal used for the Attachments, Rings and Lens Hoods (and also 
for the rims of optical accessories) is the light, strong alloy, Duralumin, 
with a satin finish. The filters, lenses and ‘Pola’-screens are supplied in 
handy protective plastic containers. The external pack for each item of 
the range is a carton, and an instruction leaflet is included. 


‘Kodak’ Lens Attachment 
This is the basic component by means of which all the lens accessories 
are held on to the camera lens mount. The mounting ring at the back 
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of this Lens Attachment is slotted to form broad claws, which slip firmly 
over the rim of the lens mount. To enable nearly all lens mounts from 
18 to 42 mm. in diameter to be fitted, Lens Attachments are made with 
ten different claw diameters. 

The front of a Lens Attachment has an internally threaded rim into 
which the other metal components can be screwed—either on their own 
or, more usually, securing a filter, ‘Portra’ lens or ‘Pola’-screen. The 
threaded rims of the ten Lens Attachments are made in only four diam- 
eters, therefore the other components and optical accessories need to be 
stocked in only four sizes. 


Range of components 
As a typical example, only alternative combinations to fit a 1l-inch 
diameter lens mount are illustrated. 





game) ‘Kodak’ Lens Attachment fits the lens mount. 
Ve LENS ATTACHMENT 





Filter, ‘Portra’ Lens or ‘Pola’-screen, mounted 
in thin metal rim to ensure interchangeability 


SNS aTTacuMty’ 7 


OGD _ * LENS * 

rea sets OR POLATSCREEN. and for protection. 

— Retaining Ring, in which the filter, ‘Portra’ 
(Se) Zz) RETAINING RING lens or ‘Pola’-screen is laid, screws into the 


lens attachment. 


LENS ATTACHMENT 










eI HLTER, conta LENS Lens Hood, can be fitted in place of the 
normal retaining ring. It may be either used 
alone on the lens attachment or a filter, lens or 

LENS Hoop ‘Pola’-screen may be placed in its recess before 
screwing it in. 


FO aK: 250 LENS HOP? 
SS IN ENGLAND FB 








an im 
A LENS ATTACHMENT 





Min5 attain Coupling Ring, fitted in place of the retaining 

a ring, will secure the first filter or ‘Portra’ lens 
somna uns nati? FILTER OR *PORTRA’ LENS and, by acting as a second lens attachment, 
, will take a second filter in a retaining ring, or in 

= COUPLING aan Witt a lens hood. 

Conese) —“POLA'-SCREEN Alternatively, in place of the normal Coup- 


ling Ring there can be fitted a Coupling Ring 
into which has been mounted a ‘Pola’-screen. 
This arrangement allows the ‘Pola’-screen to 
- be orientated as required without removing 
SS the Lens Attachment from the lens. 

SSS All the components of these combinations 
Say will be in the same size range. 


*2DAaK' 250 LENS HO? 
‘ MADE IN ENGLAND, 
LENS HOOD I 





RETAINING RING 

















No. 250 LENS ATTACHMENT Step-up Ring, resembles the Coupling 
Ring, but the components added to it 
are of the next larger size. This enables 


» pORTRAY LENS a set of components of one size to be 
used on a smaller size lens mount. Its 

No, 250/320 STEP-UP RING use is essential if a combination of com- 
worm on wimevr ponents all of one size shades the 


corners of the picture. Ai filter or lens 
of the smaller size may be secured by 
the Step-up Ring. 

Alternatively, in place of the normal 
Step-up Ring there can be fitted a 
Step-up Ring into which has been 

since oe mounted a ‘Pola’-screen. This arrange- 

= = ment allows the ‘Pola’-screen to be 
Qe orientated as required without removing 
SSS” the Lens Attachment from the lens. 
No. 320 LENS HOOD 


No. 320 FILTER 






No. 320 RETAINING RING 





Size reference numbers 


The reference number of a Lens Attachment indicates the diameter of 
the lens mount which it fits, and the size range of the components which 
can be added to it. Four Lens Attachments have single reference numbers, 
and six have double reference numbers; the following two examples 
illustrate their application. 


1. A ‘Kodak’ 320 Lens Attachment fits a lens mount of 32 mm. external 
diameter, and takes size 320 filters, lenses, ‘Pola’-screens, lens hoods, 
etc. (Note that a size 320 filter is not itself 32 mm. in diameter.) 


2. A ‘Kodak’ 270/320 Lens Attachment fits a 27 mm. lens mount, but 
takes size 320 accessories. 


A lens mount for which no Lens Attachment of the exact size is available 
can usually be accommodated by gently bending inwards the claws of the 
nearest oversize Lens Attachment. This can most effectively be done by 
rolling the claws of the Attachment along a hard surface, keeping a firm 
and even pressure. The claws cannot be reduced in diameter more than 
2 mm. (about 1/16th in.) and must not be bent outwards unless required to 
fit inside a lens mount. 


The first table overleaf indicates the diameter of lens mounts to which 
each Attachment can be fitted; the higher figures in each range give the 
diameter of mount which can be fitted without bending the Lens Attach- 
ment claws. 
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Available size range of ‘Kodak’ Lens Attachments 


Lens DIAMETER OF LENS MOUNT FITTED ae 


Attachment millimetres inches Attachment 


yo 


to 250 
to 250 
to 250 
to 250 
to 250 
to 320 
t 320 

320 

370 

420 


165/250 IS*l to 165 
190/250 18-0 to 19:0 
210/250 20:0 to 21-0 
235/250 22:0 to 23°5 
250 23-5 to 25:0* 
270/320 26:0 to 27-0 
285/320 27-0 to 28-5* 
320 30°5 to 32:0 
370 36:0 to 37-0 
420 40°5 to 42:0 


A= =|_ O_ o]4 ou wn ole oF 
Plo >| ALO Alu lu blur py 


jo 


— 
NI 





* Although the claws of these Attachments can be bent in to fit mounts 0°5 mm. smaller than these dimen- 
sions, the use of the next smaller Attachment is then preferable. 


Available size 
range of ‘Kodak’ 
Step-up Rings 


Lens Attachment Step-up Ring Components 


250 250/320 320 
320 320/370 370 
370 370/420 420 





Diameters of 


: Reference Number External Diameter (mm.)| External Diameter (in.) 
metal rims of ae a ee 
‘Kodak’ Filters, 250 25:4 | 
‘Portra’ Lenses 320 30-2 I 6 

‘ ’ 370 41-3 Fs 
and ‘Pola’-Screens 420 50:8 2 








‘Kodak’ Filters 
‘Kodak’ filters are designed particularly for fitting in Combination Lens 
Attachments and are made of solid glass. They are supplied already 
mounted in the appropriate thin metal rims. 
The following four ‘Kodak’ filters are available in the four sizes—250, 
320, 370 and 420:— 
‘Kodak’ Cloud Filter (yellow) ‘Kodak’ Light Filter (deep yellow) 
‘Kodak’ Light Filter (green) ‘Kodak’ Light Filter (red) 


‘Wratten’ Filters 


These are normally supplied unmounted. If for use with a ‘Kodak’ 
Lens Attachment the order must be plainly marked to that effect, and the 
required size number stated (250, 320, 370 or 420). The filters will then 
be specially mounted in the necessary rim. 
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‘Wratten’ filters, with one or two certain exceptions, consist of gelatine 
film cemented between glasses of various qualities as follows :— 


‘A’ quality glass—specially selected optically flat glass of the highest 
quality. 

‘B’ quality glass—plane-parallel optical glass of good quality. This is 
recommended for general photographic and for much scientific work. 
‘Cine’ quality glass—specially selected ‘B’ glass of the highest quality. 


‘D’ quality glass—ordinary quality glass but free from blemishes. 
Suitable for visual use. 


Filters mounted in ‘A’ quality glass, however, cannot be fitted into rims 
for use in the Combination Lens Attachment system. 


‘Portra’ Lenses 


These single positive lenses can be fitted in front of the camera lens to 
reduce its focal length. They enable photographs to be taken with the 
camera much nearer to the subject than would otherwise be possible, thus 
obtaining a larger image. 

‘Portra’ lenses of powers of one dioptre (-++1), two dioptres (+2) and 
three dioptres (+3) are available for use with ‘Kodak’ Lens Attachments. 


Focusing ranges 


Camera Distance from Lens to Subject in Focus 

of cameras Setting (to nearest inch) 

fitted with <s'=> 77 

‘Portra’ Lenses +1 Lens +2 Lens +3 Lens 
Infinity 39 20 13 


50 feet 
40 feet 
25 feet 
18 feet 
15 feet 
12 feet 
10 feet 
9 feet 
8 feet 
7 feet 
6 feet 
5 feet 
45 feet 
4 feet 
34 feet 





‘Pola’-Screens 

These accessories are used to subdue unwanted reflections from non- 
metallic surfaces with both colour and black-and-white photographic 
materials. In colour photography they have a further use in the darkening 
of a blue sky by the absorption of polarized light. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
POLA 
PORTRA 


KODAK LIMITED LONDON 
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‘KODISK’ LENS ATTACHMENTS 


THESE accessories are a range of filters, close-up lenses, and lens-hoods 
made to fit the lenses of all cameras having lens-mount diameters of 22 to 
42 mm. The filters and close-up lenses are each permanently fitted 
into a metal attachment made of corrosion-resistant aluminium alloy; the 
plastic lens hood is moulded around a metal attachment. 

The lugs of each attachment are of transverse type and can be adjusted 
to fit either inside or outside the lens mount. Each ‘Kodisk’ attachment 
can also be fitted to any other ‘Kodisk’ attachment of the same size. Thus, 
the filter may be attached to the close-up lens, and the lens hood to the 
filter, so that all three may be used simultaneously. 





Sizes available 


Attachment To fit lens mounts 
size number of diameter 


22. — 25mm 





‘Kodisk’ Filters 

These filters are available in all the sizes shown in the table above, except 
for the 420, in the varieties given below; opposite each is shown the number 
of the Kodak ‘Wratten’ Filter which has similar characteristics :— 


Haze (colourless) . . . ‘Wratten’ Filter No. 1A 
Cloud (yellow) . . . . ‘Wratten’ Filter No. 8 (K2) 
Deep yellow . . . . . ‘Wratten’ Filter No. 15 (G) 
Green . . . . . . . ‘Wratten’ Filter No. 11 (XI) 
Red... .. . . . ‘Wratten’ Filter No. 25 
Issue A Kodak Data Sheet 
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Other filters 

All ‘Kodak’ Colour-Compensating Filters, Kodak ‘Pola’-screens, and 
Kodak ‘Wratten’ Filters (except Nos. 18A, 18B, 77, and 77A) in ‘B’ or 
‘Cine’ quality, or as Non-Photographic Filters, are available in ‘Kodisk’ 
attachments in all the sizes shown in the table above. 


‘Kodisk’ Close-up Lens +- I 

This single, positive, supplementary lens is available in all the sizes 
shown in the table above except for the 420. 

It enables a focusing camera to be used at subject distances of 20 to 
39 inches, according to the lens setting, as shown in the table below; the 
subject distances are given from the lens, and to the nearest inch :— 


Lens Subject Lens Subject Lens Subject Lens Subject 
setting distance setting distance setting distance setting distance 


Infinity | 39 inches |) 18 feet | 33 inches || 9 feet |29 inches|| 5 feet | 24 inches 


50 feet | 37 inches]! 15 feet |32 inches || 8 feet | 28 inches|| 44 feet | 23 inches 
40 feet | 36 inches || !2 feet |31 inches || 7 feet |27 inches || 4 feet | 22 inches 
25 feet | 35 inches || 10 feet | 30 inches |} 6 feet | 26 inches|| 34 feet | 20 inches 





‘Kodisk’ Lens Hood 


This useful accessory is obtainable in all the sizes listed under the 
heading—Sizes available. 


‘Kodisk’ Filters and Close-up Lenses are packed in uncoloured, trans- 
parent, plastic boxes; other filters in ‘Kodisk’ attachments are packed in 
uncoloured, translucent, plastic purses. Both packings allow the colour 
of the filter to be seen without opening the container. 


Kodak, Wratten, Kodisk, and Pola are trade marks 
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‘KODATRACE’ DRAWING MATERIAL 





“KODATRACE’ is a translucent cellulose plastic sheet material having a matt 
finish on one side to provide a tooth for the reception of pencil or ink lines. 
It is particularly devised and intended for use in engineering drawing 
offices and in cartography, and is blue-tinted to about the same extent as is 
the conventional type of tracing linen. It is a substantially non-inflamma- 
ble plastic material; it will burn no more readily than ordinary paper. It 
offers the following advantages over other drawing materials :— 


(a) ‘Kodatrace’ has greater dimensional stability under varying condi- 
tions of humidity and temperature than the usual forms of drawing paper 
or linen, especially when it is matured before use. 


(b) It has a high degree of contact transparency and is perfectly uniform 
in texture. This enables even the finest details to be traced, through 
several layers if necessary, and also reduces the printing time necessary 
when making blue-prints, dye-line prints or photographic copies from the 
drawings or tracings. This great contact transparency also allows the 
finest lines to be well reproduced in the print. 


(c) The matt surface is specially prepared for easy drawing and will take 
pencil or ink equally well without any preparation or chalk. Drawings 
can be erased by the use of a cloth moistened with water or a suitable 
solvent, or by means of an india-rubber or ink eraser. This does not in 
any way affect the material or the matt surface finish. 


(d) ‘Kodatrace’ lies flat but can easily be rolled for storage. It is very 
tough and is impervious to water and many organic solvents. Large areas 
can thus be blocked-out with indian ink or other pigments without pro- 
ducing cockle. Accidental damage by spilt solutions is eliminated 
as they do not stain the drawings and can easily be wiped off. 


(e) It is not subject to attacks by moulds, fungi, insects, or vermin. 


Dimensional stability 


It is well known that the dimensions of conventional drawing and tracing 
materials are appreciably affected by the atmospheric conditions to which 
they are exposed, particularly by the humidity. The dimensions of a 
paper or linen sheet increase with higher humidity and the change of 
dimensions is usually of a very different order in the two directions of the 
drawing material, often amounting to a few per cent. ‘Kodatrace’ is 
appreciably more stable than paper or linen when submitted to humidity 
variations and, furthermore, the small changes which occur are almost 
identical in the two directions. As with any other plastic sheeting, it is 
not completely stable in dimensions unless it is allowed to mature for some 
time before use. But, even in a fresh condition, ‘Kodatrace’ has an 
appreciable advantage over drawing papers and linen and if fully seasoned 
this advantage becomes very much more marked. 


Variations With Atmospheric Humidity. The following figures indicate 
the increase in dimensions over a total range of 20 to 70 per cent relative 
humidity at 70°F (21°C), i.e., for a total change of 50 per cent relative 
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humidity. The second and third columns of the table indicate the changes 
in the two different directions of the sheet. 


CHANGE IN DIMENSIONS 
MATERIAL 


Differential Direction | Direction 2 


% thou. /ft % thou. /ft % thou /ft. 


‘Kodatrace’ . . . . . . | 0:07 8 0-30 36 0-37 45 
Detail (tracing) paper . . | 2°20 264 1-40 168 3°60 | 432 
Tracing cloth . . . . . IS 138 0-15 18 1-30 156 
Drawing paper (opaque). . 0°75 90 0°35 42 1-10 142 





In actual practice, humidity effects are unlikely to be as great as are 
indicated above, since drawings kept in a drawer or stacked between other 
drawings are reasonably well protected against changes of air conditions. 
Under ordinary drawing office conditions the distortion in either direction 
of the sheet is unlikely to exceed 0°25 per cent (i.e., about 30 thou. per 
foot), whereas with ordinary tracing paper and tracing cloth the correspon- 
ding error is likely to be three to eight times this figure. 


It will be noted that if the worse direction of the material is considered, 
‘Kodatrace’ shows a considerable advantage over the other materials, and 
that as regards differential distortion in the two directions it shows a 
negligible movement. The above effects of humidity, assuming that they 
are not complicated by any maturing effects are, as nearly as can be 
observed, reversible. 

The figures given in this Data Sheet for the behaviour of drawing papers 
and linens refer to some particular examples selected as typical, but the 
figures should be regarded only as approximate. 


Temperature Effects. In the absence of maturing effects (see below) 
the effect of temperature variation on ‘Kodatrace’ is negligibly small and 
is reversible. For a 10°F (6°C) rise in temperature, it expands 
approximately 0°03 per cent in one direction and 0°04 per cent in the 
other, i.e., a differential of 0-01 per cent per 10°F (6°C). 


Maturing Effects. Plastic sheet materials invariably undergo maturing 
effects after the casting operation is completed in manufacture. Whilst 
the material is in package or roll form, these maturing effects are hindered, 
and proceed to completion only when the sheet material is exposed freely 
to the air. This seasoning treatment may conveniently consist of leaving 
sheets of material exposed freely to the air for a matter of two months 
before the sheets are required for use. Single sheets may be left on 
horizontal open shelves or may be festooned over horizontally suspended 
tapes. 

If reasonably freely exposed on both surfaces, ‘Kodatrace’ will be found 
to show slight and gradual shrinkage, which, after a period of 3 months, is 
likely to be of the order of 0-15 per cent, after which time further changes 
are usually negligible. The differential movement during this period is 
usually within 0:005 per cent. Thus, after maturing for 3 months, 
‘Kodatrace’ has become a material of very high dimensional stability com- 
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pared with other drawing materials; the temperature and humidity effects 
mentioned above are still liable to occur, but these are reversible. 


Dimensional Stability During Printing. On blue-printing or dye-line 
printing machines, the master drawing is subject to a good deal of heat. 
The exposure to heat, particularly if the master is put through the machine 
several times in succession, is likely to set up dimensional changes, firstly 
due to the rise in temperature of the master itself but, much more impor- 
tant, to the drying out of the master which takes place as a result of the 
rise in temperature. On the different types of drawing materials, the 
effects will be in similar ratio to the effects shown in the section above for 
variations with atmospheric humidity. The absolute effect of the dimen- 
sional changes produced will depend upon the printing machine conditions 
but ‘Kodatrace’ shows an appreciable advantage over other materials 
under similar conditions. 


Transmission 


The following figures have been obtained for the percentage light trans- 
mission of ‘Kodatrace’ in comparison with specimens of other materials :— 


Percentage Light Percentage Light 
Material Transmission Material Transmission 


‘Kodatrace’. 2. 2... Tracing cloth . . . . . 55 
Detailpaper . . .. . Drawing paper. . . . . 22 





The above figures are to some extent a measure of the speed with which 
master drawings of the different types can be fed through the printing 
machine, but ‘Kodatrace’ can be run at a higher speed even than this 
suggests, because the light transmitted is scattered much less than with 
other types of materials. 

The interference with fine lines in the original drawing is almost negli- 
gible for the same reason. Other materials are translucent rather than 
transparent and, if printed with the rear surface in contact with the print- 
ing material, light-spread occurs which obliterates the finer details; this is 
avoided with ‘Kodatrace’ as the higher degree of contact transparency 
ensures no appreciable difference in quality between prints produced with 
the drawing face-up or face-down. 


Transparentizing and protecting finished drawings 


It is sometimes of value to surface varnish a finished ‘Kodatrace’ drawing 
to improve the transparency yet further for printing purposes; on varnish- 
ing, the matt appearance is eliminated and the sheet becomes wholly clear 
and transparent. This also protects the drawing from dirt and abrasion. 
A varnish must be used which does not attack the ‘Kodatrace’ itself by 
solvent action; for this purpose ‘Kodak’ T.S. Clear Protective Varnish is 
suitable. When desired, this varnish layer can be removed locally, 
or over the whole sheet, by swabbing with carbon tetrachloride or 
trichlorethylene, although care must be used to avoid affecting the 
drawn lines. 
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Resistance to solvents 


Soapy water, dilute ammonia, washing soda solution, petrol, carbon 
tetrachloride, and trichlorethylene are without appreciable effect on 
‘Kodatrace’ and these may therefore be used for making erasions or 
alterations as an alternative to ordinary mechanical erasers. A harsh 
mechanical eraser should not be used as this will destroy the matt surface 
of the material. ‘Kodatrace’ is not resistant either to methylated spirits 
or acetone. 


Mechanical properties 

‘Kodatrace’ is flexible and can be rolled in the same way as can linen 
drawings, etc., but should not be creased in folding. It is highly resistant 
to tearing, although with any masters which are to be kept for a long 
period it is an advantage to bind the edges with tape. 


Special uses 


Overlay For Maps, etc. ‘Kodatrace’ can be used as a protective overlay 
on maps and charts, movement-control records being readily made on it 
and deleted or modified when desired. 


Rear-Projection Screen. The matt surface of ‘Kodatrace’ has excellent 
properties for use as a rear-projection screen. It is often helpful to 
increase the diffusion obtained by using two sheets face to face. This is 
particularly useful in the preparation of hand-drawn designs on rear-pro- 
jection screens for profile gauges. Where the scale-precision required is 
greater than that possible with ‘Kodatrace’ alone (see above) it may be 
laminated to glass plates before the lines are drawn; details of this tech- 
nique can be supplied. 


Photomechanical. ‘Kodatrace’ is extensively used in the reproduction 
of colour designs. The artist’s rough sketch is used as a key drawing, and 
the colours can be directly traced on to ‘Kodatrace’, thus saving hours of 
troublesome plate work, and ensuring correct register. 


Silk-Screen Printing. A tracing of the design made on ‘Kodatrace’ 
using an opaque paint can be used as a negative in the exposure of the silk 
screen. 


Enquiries for supplies of this material, which is obtainable in both roll 
and sheet form, should be directed to H. C. Stern, Craven House, 121, 
Kingsway, London, W.C.2. 


Kodak and Kodatrace are trade marks 
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THE VIBRATION INSULATION 
OF PHOTOGRAPHIC EQUIPMENT 





THE ever-increasing use of photography as a tool of research and investi- 
gation presents to the photographer a number of new problems, some of 
which are far removed from optical science. One such problem arises in 
the production of photographs under conditions of mechanicai shock or 
vibration, and this becomes more common with the present trend to larger 
and more powerful engines and production units in all types of industrial 
plant. The degree of resolution and definition of a photograph taken 
under such conditions is limited by the movement of the camera relative 
to the object during the exposure time, and hence in order to take full 
advantage of the potentialities of modern optical equipment and photo- 
graphic emulsions it is necessary to reduce such movement to the lowest 
possible value. Further, photographic equipment of a delicate type may 
sustain quite severe damage if subjected to any considerable mechanical 
vibration. 


Most textbooks deal with the elimination of vibration at the source, a 
course of action rarely possible in photographic work which has to be 
carried out under the conditions prevailing. This DataSheethas therefore 
been specially prepared to deal with the problem of insulating the camera 
and other apparatus from floor and wall vibrations. 

Mounting systems fall into three types :— 

(a) those employing rubber; 
(b) those employing metal springs; 
(c) pendulum systems. 
Of these three classes, systems falling in the first are generally the most 


simple to design and construct. This class is therefore most fully con- 
sidered in this sheet. 


The use of rubber mountings 


Most problems of insulation against mechanical disturbance may con- 
veniently be solved by the use of mountings composed of natural or 
synthetic rubber. For the sake of convenience and stability, it is often 
bonded to metal. Such mountings may be obtained in a wide variety of 
shapes and sizes and in many different types of rubber, giving a range of 
stiffness sufficiently large for the solution of all problems normally en- 
countered. Mechanical disturbances are of two general types : continuous 
vibrations, hereafter referred to as vibrations, and transient shocks, here- 
after referred to as shocks. The properties of mounting systems needed 
to give maximum insulation against the two types of disturbances are not 
identical and thus it is necessary to consider which type predominates in 
any given case. Probably the more usual problem is that of insulation 
against vibration, and in general this allows of more accurate planning 
than shock insulation; a brief account is given below of the elementary 
theory of vibration insulation. 
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Elementary theory of vibration insulation 


Suppose that from a floor vibrating vertically with an amplitude A cm. 
and frequency f per second, it is desired to mount a piece of apparatus of 
mass M gm. If mountings are chosen such that the system has a vertical 
stiffness (where unit stiffness is the force required to cause a displacement 
of 1 cm.) of C dynes/cm., illustrated diagrammatically in Figure 1, then 
the body on its mountings will have a vertical natural frequency of 
vibration n, such that 


biG 
n=aV qq (1) 

It can be shown that under the 
above conditions the mass will take 
up a forced vibration of frequency 
f—the same as that of the incident 
vibration—and of amplitude A, 
where 


Ap=A/(1— e) Sate (2) 





Now in order to gain advantage 
from the mounting system, it is 
necessary that A¢ should be less 
than A, which latter would be the amplitude of the body if it were fixed 


Figure | 


f 
rigidly to the floor. The ratio, the amplitude ratio, is given by 


A graph of the numerical value of 7 against is given (Figure 2 full 
line), and this shows that in order to gain advantage from the mounting 


system Gs less than 1) the value of must be greater than 4/2. 


In a practical case incident vibration in a horizontal direction would 
almost certainly be present in addition to vertical vibration; the above 
theory would again apply with horizontal amplitudes and horizontal 
stiffness of mounting systems in place of vertical. A further point is that 
in such a system, the fact that all mountings are on one side of the centre 
of gravity would lead to couplings between horizontal linear and rotational 
vibrations. It is easily seen that a force applied horizontally through the 
centre of gravity of a body restrained in this way would cause a turning 
movement about an axis perpendicular to the line of the force in addition 
to the straightforward horizontal movement in the force direction. 
However, in normal cases such couplings would not materially affect the 
final result provided that a good degree of insulation against linear vibra- 
tion had been provided according to the foregoing theory. A modifica- 
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tion to the simple theory is necessary in order to take account of the fact 
that rubber is not a perfect spring material; its damping characteristics 
lead to a dissipating of energy by a type of viscosity effect when the 
material is subjected to vibrations. In consequence of this the amplitude 
is modified as indicated by the dotted curve, Figure 2. In the region of 


insulation ¢ greater than 1/2) the amplitude is increased slightly, thus the 


calculated degree of insulation is not fully achieved. No general expres- 
sion for the deviation from the simple theory can be given, since it varies 
with the type of rubber, but the deviation is not sufficiently large to cause 
real difficulty in the solution of normal problems. 


Practical application of the theory 


The following example illustrates the use of this method of calculation. 
The photographic laboratory in a 
power station was disturbed by a 
vibration of frequency 50 cycles per 
second and in order to produce 
satisfactory photomicrographs, it 
was necessary to reduce the vibra- 
tion transmitted to the optical 
equipment. 


By using an eee dial gauge 


graduated in 1003 inch, it was found 
that the vertical component of 
vibration was by far the most 
troublesome, having an amplitude 
at least 20 times that of any hori- 
zontal component. An examination in 
of the work produced under these Figure 2 

conditions led to the conclusion ; 
that this vertical component must be reduced by 80 per cent. to give 
satisfactory a Reverting to the theory given above, we see that 


f. 
a must be ; and Figure 2 shows that the required value of = — is about 3, 
allowing for a small safety margin. 
f 50 


Thus n = a 16°7 cycles per sec. 

















1 =o 
Equation (1) gives for the vertical vibration 16°7 = an 730x103 


the mass being expressed in grams. 


Thus the mounting stiffness C = 220x106 dynes per cm., ie. 224 
kgm. per cm. 
If a system of four mountings is to be used, the stiffness of each mount- 
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ing in a vertical direction must be 56 kgm./cm. Since the horizontal 
components of vibration were negligible, it is not necessary to calculate 
the horizontal characteristics of the system, but in order to be perfectly 
safe on this account mountings should be chosen which have the calculated 
vertical stiffness (56 kgm./cm.) and have a horizontal stiffness of a similar 
value. 
The steps to be taken in the accurate design of a mounting system are, 
briefly: 
(1) The incident vibration along the three axes must be known in 
amplitude and frequency. 
(2) The insulation factors (amplitude ratios) necessary to reduce these 
amplitudes to the required low value are calculated. 


(3) From the curve, Figure 2, the corresponding ratios of af are 
obtained. a 

(4) From equation (1), the stiffnesses of the mounting systemin the three 
directions are calculated. These figures are taken as maximum 
stiffness values, and a set of mountings chosen such that the three 
stiffnesses are not greater than the calculated values. 


The limiting factors to the softness of the mounting system are, firstly, 
the ability of the mountings to bear the steady load of the equipment, 
secondly the amount of deflection due to this load which could be allowed 
without fouling any external parts, and thirdly the general stability of the 
system. As a general statement it can be said that such considerations 
cause little trouble except where incident vibration is of very low frequency 
(below 10 per second). 


In cases where a mounting system is required to act as a shock absorber 
it is not possible to quote a general theory for the calculation of the 
mountings, since the matter is largely dependent upon the form and 
duration of the shock. The following general considerations apply to 
all cases. 


(a) The rubber used in the mountings should have a high damping 
factor so that the energy delivered to the system by the shock is quickly 
dissipated. 


(b) The natural frequency of the system should be as low as possible 
consistent with (a), in order to give good insulation against harmonic 
components of the shock during its time of application. For shock 
absorption each case must be treated individually and solved by trial of a 
number of mountings made in different types of rubber. 


Other mounting systems 


Brief mention should be made of the other, possibly better known, 
methods of vibration insulation. Use is often made of a system of simple 
springs (usually helical) in the mounting of the apparatus; the theory 
applying to such a system is identical with the simple theory outlined 
above, and the damping produced by metal springs is so minute that no 
allowance need be made for it. In practice this lack of damping is a 
serious disadvantage since any disturbance will set the system vibrating at 
its own natural frequency and these vibrations will persist for a consider- 
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able time. Attempts have been made to alleviate this trouble, by the 
provision of air or oil dashpot assemblies which introduced energy dissipa- 
tion and consequent decay in any free vibrations, or by use of frictional 
pads to produce the same result. Mounting systems built up on these 
lines appear to offer no advantage over a simple rubber system and may 
be considerably more difficult to construct. 

The mounting of a system from a pendulum oriented to give maximum 
freedom along the line of maximum incident vibration, or by use of a 
ball-joint suspended pendulum to give freedom along all horizontal 
directions, is effective in certain special problems. The lack of damping, 
as with metal springs, leads to long persistence of free vibrations once they 
are started, but an additional difficulty with a pendulum mounting is that 
no insulation is provided against vertical vibration and if these are en- 
countered a second system must be added to give the necessary insulation. 


Typical problems 


The problems likely to be encountered may be exemplified by two cases. 
It may be required to mount a camera so that it will produce good photo- 
graphs of machinery in factories under widely differing conditions of 
disturbance. In the case of shock disturbance such as might be found in 

a press shop, no general solution 
ee can be suggested : the method is to 
have a number of alternative 
mountings, all with high damping 
factors, and to find by trial the 
most satisfactory arrangement. 
With vibration a more satisfactory 
general solution may be found, 
provided that the value is known of 
the lowest frequency likely to be 
encountered. 

In order to avoid complications, 
it is preferable to set up the mount- 
ing system in such a way that it can 
be interposed between camera and 
tripod or other stand very quickly. 
A saitsfactory general type of 
arrangement consists of four mount- 
: ings, as shown in Figure 3; this 

Figure 3 gives a good degree of stability 

provided that the centre of gravity 

of the camera is not too far removed from the mounting plane. Having 
decided upon the value of insulation required (a 10 per cent. ratio of 











a is usually quite sufficient), at the lowest frequency to be encountered, 
the stiffness of the necessary mounting system may be calculated using 
Figure 2 and equation (1). A suitable mounting may then be chosen, the 
makers of which will supply tables giving stiffness characteristics and 
maximum loads for the whole range. 
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In work involving the use of high-precision photographic equipment, 
e.g. in photomicrography, it is essential that a high degree of vibration and 
shock insulation be provided, and this may present an acute problem in 
a works laboratory. The remarks about shock insulation given above are 
equally applicable; but in the case of vibration the problem is amenable to 
very exact calculation since the conditions of vibration may usually be 


investigated and analysed very closely, allowing a 
more special design than in the previous case, and 
thus giving practically complete elimination of the 
trouble. In the first place the equipment should be 
mounted rigidly to a heavy base, which for maximum 
stability should carry brackets positioned so that the 
mountings may be attached to the system in the 
horizontal plane containing its centre of gravity. The 
required mounting stiffness is calculated in exactly 
the same way as described above. In order that the 
calculated stiffness shall not be exceeded, and also to 
prevent direct transmission of vibration along con- 
nections from external bodies, it is essential that such 
connections shall be flexible; in the case of mechanical 
controls small rubber couplings may with advantage 
be incorporated in the control cable (Figure 4). 

It should be emphasised that, if any doubt exists in 
the matter of the mounting of photographic equip- 
ment, advice should be asked of the manufacturers 
of instrument mountings who are able, by reason of 
their experience, to suggest the best solution to any 
vibration problem provided that full information is 
given to them. 





Figure 4 


By courtesy of W. P. Fletcher, B.Sc., A.Inst.P., Metalastik Ltd., Leicester 
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‘KODAK’ SPECIALIST CAMERA MODEL 2 


The ‘Kodak’ Specialist Camera Model 2 is a half-plate (43 x 64-in.) 
stand camera with which can be used either sheet films or plates. The 
camera incorporates all the necessary movements required for technical 
photography and is of substantial construction combining light weight 
with exceptional rigidity. The materials used in its manufacture are 
well-seasoned hardwoods and metal alloys chosen for strength and 
lightness, the wood being specially treated to obviate shrinkage and 
distortion. Antique silver enamel on the hardwood and satin chromium 
plating on the metal parts provide a durable protective finish. The slide 
runners on the camera beds are of aluminium and the lens panel is of 
cast aluminium. The mechanism is of solid brass to ensure an easy 
action with proper engagement, and minimum wear. 


The ‘Kodak’ Specialist Camera Model 2 comprises: 

Camera body—-basic unit, i.e., back, bellows, front, and folding bed. 

Reversible back—combined dark-slide holder and focusing screen with 
quick-release mechanism. 

Extension bed—which attaches to rear of camera bed allowing further 
extension. 

Auxiliary base—which fits between body of camera and support. 

Lens*panel—a metal blank into which lenses or shutter assemblies 
can be mounted. 





& 
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Figure I. The standard lens and shutter unit is shown mounted in the lens panel 
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Reversible and quick-release 
back 

This special back enables 
pictures of either horizontal or 
vertical format to be taken with 
equal facility. 

The quick-release feature is a 
swing bar which moves the 
ground-glass screen out of the 
focal plane and allows the film 
or plate holder to be inserted 
into position between the screen 
and the camera back, where it 
is held firmly in register with 
the focal plane by a strong 
spring action. 


Extension bed 


This piece of apparatus 
enables the camera body to be 
racked back for a distance equal 
to the total forward movement 
of the lens board. The bellows 
extension normally is 14 inches, 
but with the addition of the Figure 2. Reversible and quick-release back 
extension bed a total length of 
221 inches is possible, giving a magnification of approximately x 1:8 
with the standard 203-mm. lens. 





Auxiliary base 


This fits between the bed of the camera and the tripod and is particularly 
useful for close-up work as it enables the whole camera to be racked 
forwards or backwards without alteration of the bellows extension. 


Lens and shutter equipment 


The standard lens and shutter assembly for this camera is the coated 
(‘Lumenized’) 203-mm. (8-in.) ‘Kodak’ Ektar Lens, f/7°7. This lens is 
adequate for normal requirements, but where the full extent of the camera 
swings are to be utilized, a lens of longer focal length or greater covering 
power will be necessary. The 8-speed ‘Epsilon’ shutter has speeds of 
1/150, 1/100, 1/50, 1/25, 1/10, 1/5, 4 and 1 sec., B. & T. It is provided 
with flash contacts and a flash cable for attachment to a flashgun or 
electronic speedlamp, and a 24-inch cable release. When used with an 
electronic speedlamp, the speed control ring may be set to give any speed 
and the shutter cocked. When the release is pressed the flash will fire 
as soon as the shutter is open. When used with a Class M flashbulb* 


* Caution: No flashbulb should be inserted in the flashgun when the blades are held open on the B 
or T ay setting. The contacts are then closed and the flashbulb would fire resulting in a 
serious burn. 
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the speed control ring should be set to 1/25th sec. and the shutter cocked. 
When the release is pressed the flash will fire so that the greater part of 
the light emission of the flashbulb will be passed by the shutter blades. 
Faster shutter speeds than 1/25th sec. should not be used otherwise a 
large part of the emitted light may be lost. Two lens caps are supplied 
to protect the front and the back of the lens. 

In addition to the standard lens, a wide-angle lens of 44-in. focal length 
in a sunk lens panel can also be supplied. For the convenience of those 
who wish to use other lens or shutter assemblies, the camera can be 
supplied without lens and shutter but with a blank lens panel. 


Camera bed 


When the camera is fully racked back, the front of the bed can be 
swung up on its hinges to fold over the front of the camera and fastened 
in this position with a catch. In this way the bellows are protected and 
the camera is in its most portable form, with a conveniently placed 
carrying handle at the top of the camera back. 


Focusing controls 

Both the back and the front 
of the camera can be racked 
along the bed independently and 
in either direction by a rack- 
and-pinion mechanism operated 
by two large knurled knobs on 
the right-hand side of the 
a camera. Corresponding knobs 
on the left-hand side lock these 
movements in the desired 
position. 





Rising and falling front 


This lens movement is con- 
trolled by the upper knob on 
the right-hand side of the lens 
board. It is locked by a similar 
knob on the left-hand side. The 
maximum rise is 2} inches; the 

t maximum fall is { inch. The 

CONTROL zero position is indicated by a 


Figure 3. Focusing controls. Top—rear pair of white lines, one on the 
control. Bottom—front control lens board and one on the guide. 


<— SCALE 





Tilting front 

The tilting front is controlled by the locking knobs on either side of 
the lens board. The angle of tilt can be varied by 8° to either side of 
the vertical, and the zero position is indicated by a white line on the 
front which is centred through an aperture in the support. 
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Tilting back 

The tilting back is controlled by a knob, at the back of the camera on 
the left-hand side, which, on being rotated, gives the required amount of 
tilt. This movement also is limited to 8° on either side of the vertical. 
The zero position is indicated by a stud which is viewed through an 
aperture in the support. 


Swing back 

The camera back is mounted on metal supports and pivoted on a 
vertical axis. The swing back is controlled by a knob at the camera 
back on the right-hand side which allows 8° of movement either way. 
The control is self-locking and holds the back steady in any required 
position. 


Repeating backs 


There are available two repeating 
backs which may be fitted to the 
camera in the same way as the 
reversible back. They each consist 
of a sliding focusing screen and 
carrier to take a plate or film holder 
which can be moved laterally in 
steps behind a narrow aperture, 
the length of the steps being de- 
termined by a stop-plate and catch- 
release. This device allows more 
than one exposure to be made on 
one film or plate. The “3-on” 
back gives on one 33x5}-inch 
plate or film one picture each of 
size 3 x 13, 3 24 inches and 3 x 13 
inches. The ‘“2-on” back gives 
two pictures of 2 <3 inches on one 


Figure 4. Repeating back ly 4ly 
3 on BEX BL” inches 3} x 44-inch film or plate. 





Graduated scale 

The graduated scale fitted to the camera bed is of white anodised 
aluminium. The positions of the camera front and the camera back over 
the scale can be recorded and the camera set to any desired position by 
reference to a clearly legible calibration plate mounted at the side of the 
camera back. Provision is made on the plate for the following reduction 
ratios :—1/27, 1/8, 1/7, 1/4, 1/2, and the same-size ratio, 1/1. Calibration 
settings for any lens can be inserted on the plate by the user. 


Focusing for specific size ratio 

The pictures in a series may quite easily be made to the same scale, 
although taken at different times, by simple use of the various scales 
and by using the control on the auxiliary base for focusing, the whole 
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camera being taken forward or backward until the subject is in correct 
focus. 


Bellows 

The bellows are of a durable black rubberized cloth designed to give 
a maximum camera extension of 22} inches. Supports are provided to 
enable the centre folds of the bellows to be looped-up when the camera 
is used at short extensions. 


Other items of interest 

The lens panel is held by a quick-release latch which enables lenses 
to be interchanged very quickly provided they are mounted in their own 
individual lens panels. 

Standard }-inch Whitworth tripod bushes are provided, one on the 
base of the camera and the other on the Auxiliary Base. 

Clips on both sides of the camera front are provided to anchor the 
focusing cloth firmly into position. 


Dimensions 


Size when folded—114 x 10} x 62 inches. 
Length with normal maximum extension—14 inches. 
Maximum length with extension bed—22 inches. 


Weight 


Including extension bed, the auxiliary base and the lens and shutter 
assembly—15 Ib. 
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APPENDIX 


ASSEMBLIES FOR SPECIALIZED WORK 


The ‘Kodak’ Specialist Camera Model 2 has been designed in such a 
way that the one basic camera can, with the aid of specific accessories, 
be used to undertake various widely differing tasks with equal facility. 

It has been decided to meet the needs of specialists in four of the 
principal spheres of technical photography. 

The four assemblies are as follows :— 


‘Kodak’ Clinical Camera Assembly 


This is intended for medical photographers ; it comprises :— 

‘Kodak’ Specialist Camera Model 2 (complete). 

203 mm. ‘Kodak’ Ektar f/7°7 Lens, in 8-speed ‘Epsilon’ shutter with 
flash lead, fitted to lens panel. 

24-inch ‘Agilux’ cable release. 

‘Kodak’ Focusing Cloth, 38 x 48 inches. 

‘Kodak’ Metal Compact Stand, Model 2. 

Three ‘Kodak’ Sheet Film Holders or Plate Holders, 4} x 64 inches. 

‘Kodak’ Camera Case Code 702. 

‘Kodak’ Lens Attachment No. 370. 

‘Kodak’ Lens Hood No. 370. 


‘Kodak’ Laboratory Camera Assembly 


This is intended for laboratory photographers; it comprises :— 

‘Kodak’ Specialist Camera Model 2 (complete). 

203 mm. ‘Kodak’ Ektar f/7°7 Lens, in 8-speed ‘Epsilon’ shutter with 
flash lead, fitted to lens panel. 

24-inch ‘Agilux’ cable release. 

‘Kodak’ Focusing Cloth, 38 x 48 inches. 

‘Kodak’ Metal Compact Stand, Model 2. 

Three ‘Kodak’ Sheet Film Holders or Plate Holders, 43 63 inches. 

‘Kodak’ Lens Attachment No. 370. 

‘Kodak’ Lens Hood No. 370. 


‘Kodak’ Police Camera Assembly 

This is intended for police photographers ; it comprises :— 

‘Kodak’ Specialist Camera Model 2 (complete). 

203 mm. ‘Kodak’ Ektar f/7°7 Lens, in 8-speed ‘Epsilon’ shutter with 
flash lead, fitted to lens panel. 

24-inch ‘Agilux’ cable release. 

‘Kodak’ Focusing Cloth 38 x 48 inches. 

‘Kodak’ Metal Compact Stand, Model 2. 

‘Kodak’ Camera Case Code 702. 

Three ‘Kodak’ Sheet Film Holders or Plate Holders 3} x 4} inches, 
or 33 x54 inches, or 43 x 63 inches. 

‘Kodak’ Repeating Back ‘‘3-on 3454”, or ‘Kodak’ Repeating Back 
“2-on 31 41” inches. 
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‘Kodak’ View Camera Assembly 


This is intended for industrial, commercial, architectural and pro- 
fessional photographers; it comprises :— 

‘Kodak’ Specialist Camera Model 2 (complete). 

203 mm. ‘Kodak’ Ektar f/7°7 Lens, in 8-speed ‘Epsilon’ shutter with 

flash lead, fitted to lens panel. 

24-inch ‘Agilux’ cable release. 

‘Kodak’ Focusing Cloth 38 x 48 inches. 

‘Kodak’ Metal Compact Stand, Model 2. 

‘Kodak’ Camera Case Code 702. 

Three ‘Kodak’ Sheet Film Holders or Plate Holders, 43 x 6} inches. 


ACCESSORY LIST 


203 mm. ‘Kodak’ Ektar f/7°7 Lens, in 8-speed ‘Epsilon’ shutter with 
flash lead, fitted to lens panel, and 24-inch ‘Agilux’ cable release. 

‘Kodak’ Lens Attachment No. 370. 

‘Kodak’ Lens Hood No. 370. 

Lens Panel, 43 x 44 inches. 

41-inch ‘Dallmeyer’ f/6°5 Wide-Angle Lens. 

Sunk Lens Panel for the ‘Kodak’ Specialist Camera Model 2. 

‘Kodak’ Reversible Adapter Back 43 x 6} inch to 34 x54 inch. 

‘Kodak’ Reversible Adapter Back, 4? x 63 inch to 3} x 44 inch. 

‘Kodak’ Repeating Back, ‘3 on 34 x53” inch. 

‘Kodak’ Repeating Back, “2 on 34 x 4}” inch. 

‘Kodak’ Sheet Film Holder, 3} x 4} inch. 

‘Kodak’ Sheet Film Holder, 3} x 5} inch. 

‘Kodak’ Sheet Film Holder, 43 x 63 inch. 

‘Kodak’ Sheet Film Holder, adapted 43 x 64 inch to 3} x 41 inch. 

‘Kodak’ Sheet Film Holder, adapted 4? x 6} inch to 3} x53 inch. 

‘Kodak’ Plate Holder, 34 x 44 inch. 

‘Kodak’ Plate Holder, 34 x 54 inch. 

‘Kodak’ Plate Holder, 43 x 63 inch. 

‘Kodak’ Plate Holder, adapted 4? x 64 inch to 3} x 3} inch. 

‘Kodak’ Plate Holder, adapted 42 x 63 inch to 3} x 44 inch. 

‘Kodak’ Plate Holder, adapted 43 x 63 inch to 34 «53 inch. 

‘Kodak’ Focusing Cloth, 38 x 48 inch. 

‘Kodak’ Camera Case Code 702. 

‘Kodak’ Metal Compact Stand, Model 2. 
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KODAK ‘WRATTEN’ FILTERS : 
SELECTION AND FACTORS 





THE principles involved in the selection of filters, and specific recommen- 
dations for their use in reproducing some of the more common subjects, 
are given below. It should be borne in mind, however, that the photo- 
graphic result obtained depends as much on the spectral sensitivity of the 
material used in the camera, and on the composition of the lighting, as 
on the filter employed; panchromatic emulsions should in general be 
used, but orthochromatic emulsions may be used, particularly with those 
filters which, in the filter list following, are preceded by a star. 

A coloured subject appears dark in the final print if the photograph is 
taken through a filter which absorbs the colour of the light reflected from or 
transmitted through the subject. This is because the filter allows only a 
little of the light reflected from or transmitted through the subject to reach 
the sensitized material. For example, when photographing a blue-print 
the blue field should be made as dark as possible compared with the white 
lines. A red filter absorbs blue light and consequently the greatest con- 
trast would be obtained by the use of a filter of this colour. In this case, 
the combination of the ‘Wratten’ No. 25 or No. 29 filter and panchromatic 
material would be found most suitable. If the “blue” of the blue-print 
were a pure primary colour a green filter would do just as well, but as it is, 
in fact, a very greenish blue the resulting contrast would not be as high. 

Conversely, a coloured subject appears light in the final print if the 
photograph is taken through a filter which transmits the colour of the light 
reflected from or transmitted through the subject. For this reason a 
document yellowed with age, or with a yellow stain, should be photo- 
graphed through a medium yellow filter such as the ‘Wratten’ No. 9. This 
accentuates the contrast between the print or written impression and the 
background, where it is required that this background shall be all of one 
even density. This same principle should, in general, be applied in the 
selection of the filter to show the optimum detail in a coloured subject; that 
is, dark foliage will show the optimum detail when the negative is made on 
panchromatic material exposed through a light yellow-green filter such as 
the ‘Wratten’ No. 11 or more drastically through the tri-colour green filter 
‘Wratten’ No. 58, or on orthochromatic material through a medium-yellow 
filter such as the ‘Wratten’ No. 9. 

Selection of the proper filter for multi-coloured subjects demands a 
measure of judgment. No single rule can be applied, but the problem can 
easily be resolved by careful consideration. The subject should first be 
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examined carefully to determine how the various colours are required to 
be rendered in order to show a particular pattern or texture, or in order 
to make an object either appear prominent against or merge with surround- 
ing objects or the background. It may be obvious that certain colours 
should be lightened and others darkened to achieve the desired effect. If 
so, the best method of selection of the appropriate filter is usually that of 
examining the subject visually through various filters; as a check, it is as 
well to make photographic tests, using those filters indicated by the visual 
examination as being most likely to be correct. If it is not evident which 
of the colours should be rendered lighter or darker than normal, the sub- 
ject should be photographed on a panchromatic material, using in daylight 
a ‘Wratten’ No. 8 filter, or in tungsten light a ‘Wratten’ No. 11 filter. The 
resultant print will reproduce, approximately, the visual brightness values 
of the subject. If, however, this normal rendering is not entirely suitable 
the choice of a more appropriate filter for a second negative will then have 
been greatly reduced. 

The ‘Wratten’ No. 90 filter is a valuable aid when judging the effect of 
reproducing coloured originals in monochromatic tones. When the sub- 
ject is viewed through this filter the colours lose much of their significance 
and interfere less with assessment of tonal quality. 

When selecting the filter for a particular task it should be remembered 
that a filter of approximately the same colour as a subject (e.g., brick 
buildings and the orange No. 16 filter) will reproduce it in lighter tones and 
will enhance detail within the area of colour. A filter approximately 
complementary in colour to that of the subject (e.g., blue sky and yellow 
No. 8 filter) will reproduce it in darker tones and will enhance contrast. 
The reference table below shows some filters by means of which some of 
the more common colours may be reproduced on monochrome film in 
light or in dark tone. 

It should be noted that it is not possible to add these effects by using two 
filters together. For instance, reds and blues in one subject cannot both 





TO REPRODUCE|TO REPRODUCE 

SOrouk EAMEEE LIGHTER DARKER 

Red Buses, pillar boxes, flowers, | 29, 25, or I5 47B or 58 
etc. 
Orange Bricks, furniture, etc. 25 or 16 47B or II 
Magenta Clothing, flowers, etc. 32 58 
Yellow Sand, old documents, 
flowers, clothing, etc. | 12 or 8 47B or 38 

Green Foliage, buses, etc. 58 or I] 47B, 25, or 15 
Blue-green Flowers, clothing, etc. 44 25 or 16 
Blue Sea, sky, flowers, clothing, | 47B or 38 25, 12, or 8 


etc. 
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be made lighter by employing the No. 25 and the No. 47B filters together. 
If these were combined, the No. 25, absorbing all colours but red, would 
stop green and blue light, while the No. 47B, absorbing all colours but blue, 
would stop red and green light. The result would be that practically no 
light whatever would be transmitted. 

Details of the ranges of ‘Kodak’ Colour-Compensating Filters and 
Colour-Printing Filters, which are not described in this sheet, may be 
found in Data Sheets CL-3 and PP-12. 

Below is listed the current range of Kodak ‘Wratten’ Filters, their 
principal uses and descriptive colours. Further details of certain of these 
filters may be found in other Data Sheets (indicated by a Data Sheet 
number, in italics, following a filter number), and in the book ‘Kodak 
Wratten Filters” : 





FILTER COLOUR REMARKS AND USE 


0 Colourless 
*IA CL-3 | Very faint pink 


For focusing. 


‘Kodak’ Skylight—haze filter. Absorbs 
ultra-violet radiation. Is of particular 
use with colour film, preventing blue cast 
caused by aerial haze or other excess 
ultra-violet radiation. 


Haze filter. Absorbs ultra-violet radiation 
strongly. Fo: use with black-and-white 
materials when used at high altitudes, or 
at other times when an excess of ultra- 
violet radiation is present. 

Similar to No. 2B, but absorbs niore 
ultra-violet. For use when printing 
‘Eastman’ Colour Intermediate Film, 
Types 5253 and 7253. 


*2B Very faint yellow 


*2E Very faint yellow 


*3 Very light yellow 


3N5 


*8(K2) —-FT-8 


*8N5 


*9(K3) —-FT-8 


11 (XI) FT-8 





No. 3 + neutral 
density of 0:5 


Yellow 


No. 8 + neutral 
density of 0°5 


Medium yellow 


Light yellow-green 


Aerial photography and motion-picture 
work as a partially correcting filter. 
Partially correcting filter in motion-pic- 
ture work. Enables a larger lens aperture 
to be used to reduce the depth of field. 


Correcting filter. Absorbs ultra-violet 
and some blue. Reproduces colours in 
their correct monochromatic relation- 
ship when photographing in daylight 
with panchromatic materials. 
Correcting filter in motion-picture work. 
Enables a larger lens aperture to be used 
to reduce the depth of field. 

Absorbs ultra-violet and some blue. 
Tends to over-correct sky. 


Correcting filter. Absorbs ultra-violet, 
some blue and slightly more red. Gives 
correct monochromatic rendering of 
colours when photographing by tungsten 
with panchromatic materials. Repro- 
duces greens slightly lighter in daylight. 


* These filters are suitable for use with orthochromatic materials. 
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FILTER 


*12 


*15(G) —-FT-8 


*16 


+18A FT-9 


+18B FT-9 


22 


23A 


25 + FT-6 and 8 


29 FT-7 


36 
38 





COLOUR 


Deep yellow 


Very deep yellow 


Orange 


Visually opaque 


Very deep violet 


Deep orange 


Reddish orange 


Red 


Deep red 


Light magenta 


Magenta 
Medium magenta 


Deep magenta 


Very deep magenta 


Very deep violet 


Light blue 


REMARKS AND USE 


Minus blue complementary filter. Ab- 
sorbs ultra-violet and blue. Strong over- 
correction when used out-of-doors. 
Renders blue very dark. Strong haze 
penetration. 


Contrast filter. Absorbs ultra-violet, 
blue and a small amount of green. Gives 
strong over-correction to sky. Photo- 
micrography. 

Contrast filter. Absorbs ultra-violet, 
blue and a small amount of green. Gives 
strong over-correction to sky and en- 
hances detail in brick, furniture, etc. 


Ultra-violet work. Absorbs all colours 
except a very small amount of extreme 
red. 


Ultra-violet work. Used in ultra-violet 
and infra-red flash photography, and in 
scientific work. 


Contrast filter. Absorbs ultra-violet, 
blue, and some green. Used in micros- 
copy to increase contrast of blue pre- 
parations. 

Contrast filter. Absorbs ultra-violet, 
blue, and some green. 

Standard red filter for colour separation. 
Absorbs ultra-violet, blue, and green. 
Very strong over-correction to sky. 
Used for haze penetration in aerial work, 
and in infra-red photography. 
Narrow-cut red filter for colour separa- 
tion. Absorbs ultra-violet, blue, and 
green. Used for making colour-separa- 
tion negatives from transparencies. 
Contrast filter. Absorbs green. Photo- 
micrography. Magenta Contact Screen 
Process. 

Minus green complementary filter. Ab- 
sorbs green. 

For making colour masks for colour- 
reproduction processes. 

Contrast filter. Absorbs green. Used 
with Eastman Colour Film. 

Contrast filter. Absorbs green and some 
red and blue. Photomicrography. 


Contrast filter. Absorbs all green, much 
red and less blue. Photomicrography. 


Contrast filter. Absorbs a little ultra- 
violet and red. Corrects tendency for 
reds to reproduce too light in tungsten 
illumination. 


* These filters are suitable for use with orthochromatic materials. 
t Available only as a glass filter. 


FT-I 





FILTER 


38A 


44 


45 


47B FT-6 and7 


50 
54 FT-4 
58 FT-8 
59 
6! FT-7 
66 
70 FT-4 
72A 
728 FT-4 
73 FT-4 
74 FT-4 
75 FT-4 

+76 FT-4 

+77 FT-3 
+77A FT-3 
78A 
78C 


COLOUR 


Blue 


Light blue-green 


Blue-green 


Deep blue 


Very deep blue 


Very deep green 


Green 
Light green 


Deep green 


Very light green 


Very deep red 


Very deep orange- 
red 


Very deep orange- 
red 

Very deep yellow- 
green 

Very deep green 

Very deep blue- 
green 

Very deep violet 


Brownish yellow 
Brownish yellow 


Light blue 
Very light blue 


REMARKS AND USE 


Contrast filter. Absorbs some ultra- 


violet and green, and much red. 
Photomicrography. 
Minus red complementary filter. Ab- 


sorbs red and much ultra-violet. Photo- 
micrography. 

Contrast filter. Absorbs red, some green 
and blue, and much ultra-violet. Photo- 
micrography. 

Standard narrow-cut blue filter for 
colour separation. Absorbs red, green 
and much ultra-violet. Used for making 
colour-separation negatives from flat 
copy or transparencies. 

Monochromat. Absorbs red, green and 
much ultra-violet. Photomicrography. 
Contrast filter. Absorbs ultra-violet, 
blue and red, and some green. Photo- 
micrography. 

Standard green filter for colour separa- 
tion. Absorbs ultra-violet, blue, and red. 
Contrast filter. Absorbs some red and 
blue. 

Narrow-cut green filter for colour 
separation. Absorbs ultra-violet, blue, 
and red. Used for making colour- 
separation negatives from transparencies, 
and for visual estimation of the printing 
densities of ‘Ektacolor’ and ‘Kodacolor’ 
negatives. 

Absorbs some red, blue, and ultra-violet. 
Used as a contrast filter in microscopy 
and medical photography. 

Narrow-band monochromat. Used for 
making separation positives from ‘Ekta- 
color’, ‘Kodacolor-X’, or ‘Eastman’ 
Colour Negative films, and for three- 
colour printing on ‘Ektacolor’ Paper. 
Narrow-band monochromat. Used for 
simulating night effects in motion- 
picture work. 


Monochromats. 


\ Mercury-vapour-lamp monochromats. 


\ For photometric work. 





+ Available only as a glass filter. 
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FILTER 


*80A 
*80B 
*80C 
*80D 


81 CL-3 and 5 
8IA CL-3 and 5 
8IB CL-3 and 5 
81C CL-3 and 5 
8IEF CL-3 and 5 
82 CL-3 and 5 
82A CL-3 and 5 
82B CL-3 and 5 
82C CL-3 and 5 
85 CL-3 


85N3 
85N6 


85B CL-3 


86A 

86C 

87 FT-9 
88A FT-9 
90 


92 


94 
98 


99 





* These correcting filters absorb some red and less green. 
they correct the tendency for reds to reproduce too light. 


COLOUR 


Blue 
Blue 
Blue 


Blue 


Brownish 
Brownish 
Brownish 
Brownish 
Brownish 
Bluish 
Bluish 
Bluish 
Bluish 
Amber 


No. 85 + neutral 
density of 0-3 

No. 85 + neutral 
density of 0°6 


Amber 


Yellowish 
Yellowish 
Visually opaque 
Visually opaque 
Olive 


Red 
Green 
Blue 


Deep blue 


Deep green 


REMARKS AND USE 


For daylight-type colour films with 
3200°K tungsten illumination. 

For daylight-type colour films with 
Photoflood illumination. 

For daylight-type colour films with 
clear aluminium-filled flashbulbs.+ 

For daylight-type colour films with 
clear zirconium-filled flashbulbs.£ 


Light-balancing filters. Used to lower 
(81 Series) or raise (82 Series) the effec- 
tive colour-temperature of a light 
source by their use over a lens. Specific 
recommendations are given in the Data 
Sheets in colour films 


Correcting filter. For using ‘Koda- 
chrome’ Il Film, Type A, ‘Ektachrome’ 
Commercial Film, Type 7255, ‘Ektacolor’ 
Professional Film, Type L, and ‘Eastman’ 
Colour Negative Film, Type 5250, for 
daylight exposures. 


Used instead of No. 85 to enable a 
larger lens aperture to be used. 


Correcting filter. For using ‘Kodak’ 
Type B colour films for daylight ex- 
posures. 


For photometric work. 


For specialized infra-red work. 
For general infra-red work. 


Monochromatic viewing filter for visual 
use in daylight. Reduces the brightness 
of colours to assist judging of tone 
values. 


films and papers. 


Vin use in the densitometry of colour 


Narrow-cut filters for making separa- 
tion positives from ‘Ektacolor’, ‘Koda- 
color-X’, or ‘Eastman’ Colour Negative 
Film, and for three-colour printing on 
‘Ektacolor’ Paper. 


With monochrome materials in tungsten, 
With ‘Kodak’ daylight-type colour films, 


they allow the use of artificial light (as described), but this procedure results in a considerable loss in 
effective film speed (see Data Sheets on specific colour films). 


+ Such flashbulbs as types—PF.24, PF.38, PF.45, PF.60, and PF.100. 
+ Such flashbulbs as types—AG.1, PF.1, No. !, and PF.5. 
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AVAILABILITY 

With the exception of Nos. 18A, 18B, 77, and 77A, which are available 
only in a special glass form and cannot be supplied in any other, and 
No. 76, which is available only as a filter cemented between glasses of 
any of the undermentioned qualities, all filters are available in any of the 
following forms: 


Kodak ‘Wratten’ Gelatine Filters 

Supplied as squares of film which may easily be cut into circular form. 
They are available in three qualities: 

“Ordinary” quality (see ‘“‘Sizes” below) suitable for general photo- 
graphic and scientific work. 

“Graphic Arts” quality—specially selected for colour-separation work 
where high optical quality is required. Kodak ‘Wratten’ Filter Colour- 
Separation Sets are supplied in this quality when ordered as gelatine 
filters. 

“Photomechanical” quality—a somewhat limited range of very high 
optical quality filters, for use in multi-filtering techniques. It is important 
that orders for Colour-Separation Sets in “Photomechanical” quality 
gelatine should carry a reference to this quality, otherwise “Graphic 
Arts” quality filters will be supplied. 

When ordering “Graphic Arts” or ‘““Photomechanical” quality gelatine 
filters, other than Colour-Separation Sets, it is important to specify the 
quality required, otherwise “Ordinary”’ quality filters will be supplied. 
Sizes: All ‘Wratten’ Filters (except Nos. 18A, 18B, 76, 77, and 77A 
which are available only as glass filters) are available as gelatine film 
measuring approximately 12 x 12 inches (in this size, “Ordinary” quality 
filters are available, normally, in sheets approximately 75 per cent free from 
blemishes, or as ‘specially selected’ sheets completely blemish free and 
with good edges). Most filters are available from stock in 2x 2-inch 
and 3~x3-inch sizes. The 4x 4-inch size is available to special order, 
and the supply of rectangular shapes with the long side over 4 inches 
is subject to negotiation. 

Gelatine filters are not normally available in circular form, but they 
may be supplied in this form subject to negotiation. 

All sizes of gelatine filters have a thickness of 0-1 mm+0°01 mm. 


Kodak ‘Wratten’ Filters 

These are gelatine filters cemented between glasses of the following 
qualities; they may be ‘Lumenized’ if desired, at extra cost: 

‘A’ quality glass—specially selected optical flats of the highest quality 
which are surfaced with the same care and accuracy as that which is given 
to the preparation of lenses. This is recommended wherever the finest 
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possible definition is required, and especially for use with long-focus or 
very wide-aperture lenses. 

‘B’ quality glass—plane-parallel, optical glass of good quality, suitable 
for all normal photographic work, and for most scientific applications such 
as spectrography and photomicrography. 

‘Cine’ quality glass—specially selected ‘B’ glass of the highest quality. 

‘D’ quality glass—glass of ordinary quality which is free from blemishes. 
‘Wratten’ filters of this quality are suitable for visual work, or in such 
scientific applications as spectrography and photomicrography when they 
are placed in a dispersed beam of light. (These filters should not be 
confused with ‘Kodak’ Non-Photographic Filters, which are of different 
construction; they are described in Data Sheet FT-10.) 


Sizes and mounts: ‘Wratten’ cemented glass filters of ‘B’ and ‘Cine’ 
quality are available in three types of mount—‘Kodisk’ Lens Attachments 
(see Data Sheet EQ-3), metal rims, and ‘Kodak’ 32 Screw-in Mounts. 
‘A’ quality filters are available in special metal rims and attachments. 
All qualities are available unmounted. 

The table below gives the rim sizes in which ‘Wratten’ filters are 
available, together with their overall diameters : 







OVERALL DIAMETER OVERALL DIAMETER 













‘KODAK’ RIM ‘KODAK’ RIM 
SIZE NO. SIZE NO. 
Millimetres Inches Millimetres Inches 
20-6 50:8 2 420 
25-4 63-5 24 635* 
0. 82:5 3t 825* 


* Available to special order only. 


All ‘Wratten’ filters, except Nos. 18A, 18B, 77, and 77A, are available 
in ‘Kodak’ 32 Screw-in mounts to fit ‘Retina’ and ‘Retinette’ cameras 
which have 32-mm diameter lens mounts. 

‘Wratten’ cemented glass filters of all qualities are available in circular 
or square form with the following diameters or widths—2 inches (50-8 mm), 
24 inches (63°5 mm), and 3 inches (76-2 mm). Some unmounted filters 
are normally stocked, but others have to be specially ordered. Other 
sizes are available subject to negotiation and special prices. 

Lateral dimensions, such as the diameter of a filter, are subject only 
to a negative tolerance; this ensures that a filter of a stated size will 
always fit a mount of corresponding specification. The tolerance for 
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diameter, width, or breadth for all sizes of ‘Wratten’ cemented glass 
filters is: 
+0-000 inch 
—0°015 inch. 
The table below gives details of the thickness of ‘Wratten’ filters of 
all qualities : 





im ‘B’, ‘CINE’, AND 
SIZE FORM A’ QUALITY ‘D’ QUALITY 


Up to and including: 
Circular 


ld inch { Se \ 7-0—8-0mm* 99 Shin 

2 inch Circular _ 3-5— 4-5mm 
Square 

24 inch Circular = 5-0— 6-5mm 
2 Square 

: Circular 5-0— 65mm 

aeaineh { Square \ = { 6:5— 80mm 

‘ Circular O14. 6:0— 7:0mm 

4 inch { Seaae \ 13-0—14-0mm { Seon 





* This figure applies to ‘A’ quality filters in sizes up to and including 1% inches. 


Certain motion-picture cameras cannot accept the normal 3-inch and 
4-inch square ‘Wratten’ filters because they are too thick. Thinner 
filters, 3-inch and 4-inch squares, in selected ‘B’ quality glass are available 
having a thickness of 5-0 or 8°0 mm. All filters, except Nos. 18A, 
18B, 77, and 77A can be supplied in these thicknesses. Filters in 
common use are stocked; others are available to special order. 

Kodak Limited can supply ‘Wratten’ filters in sizes to fit mounts and 
lens attachments other than those of its own manufacture. However, 
the user should first ascertain whether or not the mount or lens attach- 
ment is deep enough to accept the filter; the minimum thicknesses 
available are 2-2 mm for sizes up to 14 inches, and 3-5 mm for sizes 
between 14 and 2 inches. The supply of these filters is subject to 
negotiation. Kodak Limited is also prepared to consider requests for 
the manufacture of special mounts or lens attachments to a customer’s 
own specification. Requests for such filters and mounts should be 
addressed to Kodak Limited, Kingsway, London, W.C.2. 


CARE OF FILTERS 


In its simplest form, gelatine film, a filter requires considerable care in 
handling, though some protection is afforded by the special lacquer 
coating which is applied to all ‘Wratten’ gelatine filters. If it is used in 
front of or behind the lens in any form of carrier, it should be removed 
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after use and placed, in clean paper, between the leaves of a book, where 
it will keep flat and dry. Moisture tends to cloud gelatine-film filters. 
The fingers are invariably moist and, to a certain extent, greasy; hence, 
in handling gelatine filters care should be exercised to hold them by one 
corner if they are square, or, better still, by the edges only. If itis 
necessary to cut the filter, it should be placed between two clean pieces 
of fairly stiff paper and cut with a pair of sharp scissors. The card 
packed with all Kodak ‘Wratten’ Gelatine Filters up to 4 inches square 
is marked with a series of circles as an aid to accurate cutting. 


Cemented filters should be treated with care equal to that accorded to 
lenses. They should be kept in their cases and on no account allowed to 
get damp or dirty. A filter should never be washed with water under any 
circumstances; if water comes into contact with the gelatine at the edges 
of the filter it will cause it to swell and separate the glasses, allowing air 
to penetrate between the gelatine and the glass. Even if the swelling does 
not allow air to enter in this manner, the filter will be strained and the 
definition spoiled. Filters are clean when sent out by the makers and, with 
reasonable care, they can be used indefinitely. Ifa filter gets so dirty that it 
cannot be cleaned simply by rubbing after breathing on it, a piece of lens- 
cleaning tissue should be moistened with ‘Kodak’ Lens Cleaner fluid 
and gently rubbed over the surface of the filter. Care must be taken 
that the tissue is not wet enough for the fluid to run out and spread over 
the edge, as it may soften the compound with which filters are cemented 
and allow air to enter. Before attempting to clean a filter, it should 
be seen that both the surface of the glass and the cleaning material 
are entirely free from grit, which may scratch the glass. 


Normal filters should never be subjected to undue heat. In photo- 
micrography or other work where a powerful light source, such as an arc, 
is used, it should never be focused on the filter; temperatures above 
(38°C) 100°F tend to soften the cement and cause the gelatine to contract. 
Where possible, in such circumstances, a heat-absorbing filter should be 
placed between the filter and the light source. For such special purposes, 
filters can be specially produced using a cement which will withstand 
much higher temperatures; their supply is subject to negotiation. 


When used under tropical conditions, filters should be treated with the 
utmost care. They should be cleaned frequently to prevent damage by 
mould growth on the gelatine, or on the glass surfaces or edges. Dry, 
cool storage conditions are very desirable. The use of a dessicant, and 
a container which can be hermetically sealed, are recommended for this 
purpose. Further information for storage in the tropics may be found 
in Data Booklet GN-5. 
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ALTERNATIVES TO DISCONTINUED ‘WRATTEN’ FILTERS 


Hitherto, well over one hundred different types of filters have been 
available from the wide range of Kodak ‘Wratten’ filters manufactured 
by Kodak Limited. Most of these filters were, and still are, being supplied 
to cater for the demands of science, photography, and techniques requiring 
the selective absorption of the spectral colours. Many, however, were 
specially designed and manufactured for particular purposes and it has 
been the policy in the past to add these to the list of available filters to 
enable other workers to take advantage of their special characteristics. 

This policy, over a number of years, however, resulted in a very long 
list of filters. Many of these are now obsolete or have characteristics 
similar to those of other filters, so that it became desirable to reduce the 
range of filters available. Those which were retained were either in 
general demand or had particular absorption characteristics useful to 
present-day processes and research. 

The filters not now manufactured are listed overleaf in a table which 
also shows which filters from the current range can in most cases be 
satisfactorily substituted. While stocks remain available, orders for those 
filters not now manufactured will continue to be met. When stocks are 
exhausted, orders will be met by supplying the nearest alternatives. Where 
there is a need for a filter for which no substitute is listed, and provided 
its number is shown followed by an asterisk in the list overleaf, Kodak 
Limited will import it from the Eastman Kodak Company in the U.S.A. 
subject to negotiation. 





NOT NOW SUGGESTED NOT NOW SUGGESTED 
MANUFACTURED SUBSTITUTE MANUFACTURED SUBSTITUTE 


l IA 49C 47B 

2 2B SI CC30G 

2A* 2E 52* none 

4* none 53* 58 

5 8 55* 58 

6* 3 56* 59 

7 8 57* 58 
13* 59 5S7A* 59 
7+ I8A 58A 58 
21* 22 5S9A* 59 
23 23A 60* 6l 
23B 23A 62 74 
24* 25 63 6l 
24A 25 64* none 
26* 25 65* none 
27 25 65A* none 
27A 25 67 none 
28 25 68 none 
30A none 69 none 
31* 32 TIA 29 
32A none 72 72A 
34A* none 78* 78A +78A 
39* none 78AA* none 
40* 59 78B* 78C +78C 
40A 59 79* none 
43 38A 80 80B 
44A* 44 86* 86A +86A 
45A* 45 86B* 86C +86C 
46* 47B 88 88A 
47* 47B 89 70 
47A 47B 89A 70 
48* 47B 97* none 
48A* 47B 101 none 
49* 47B 102* none 
49A 47B 105 none 
49B* 47B 106* none 





* These filters may be imported from the Eastman Kodak Company in the U.S.A., subject to negotiation. 
+ For ultra-violet work. 
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MULTIPLYING FACTORS OF FILTERS 


Since a filter to do its work must absorb some of the light falling upon 
it, its use makes necessary some increase in exposure. The number of 
times by which a “no filter” exposure must be multiplied when using a 
filter, is called the filter factor, and this depends upon the absorption 
characteristics of the filter, the photographic material and upon the light- 
source used. A red filter, for instance, may increase the exposure thou- 
sands of times with a material having very little sensitivity to red, while 
with a very red-sensitive material it may increase the exposure only 5 times. 
The same conditions apply to the use of different light-sources. It is 
meaningless, therefore, to refer to filters as “2 times” or “4 times” 
filters. Filter factors for the more important filters to daylight and to 
tungsten light, are given in the table below, but they must be taken only 
as an approximate guide. 

















DAYLIGHT TUNGSTEN 
MATERIAL 
8 9 Il IS 25 8 9 Tl 15 25 
P.1600 2 2 5 2 8 If 2 4 2 4 
8 P.1200 2 2 5 24 8 f2 4 2 4 
3 P.300 24 24 6 3 5 42 6 2 2 
= | 0.800 3.4 4 5 = 2 23 2 - 
0.250 233 4 4 - 2 2 3 2 - 
3 ‘Royal-X’ Pan 2 2 5 2 8 2 2 4 2 ~=°5 
E ‘Panchro-Royal’ .. 2 2 4 3 «8 If tf 3 2 5 
z ‘Super-XX’ - 2 2 4 2 «8 If if 4 Ib 4 
2 ‘Plus-X’ Pan 2 2 4 2 8 Ibo lg 4 I$ 5 
= ‘Ortho-Royal’ 2 24 3 =- 22 3 3 =- 
” | Commercial Crtho 4 5 5 6 = 223 4 4 - 
‘Royal-X’ Pan... ss 2 2 5 2: 8 2 2 4 2 ~=°5 
£ ‘Tri-X’ Pan and ‘Tri-X’ 
= Pan Professional 2 (It 4 #2 8 If Ig 3 Ig 5 
= ‘Verichrome’ Pan 2 24 4 23 8 I$ 2 4 If 55 
2 ‘Panatomic-X’ .. a 2 2 4 «2 8 foi 4 HOS 
‘Plus-X’ Pan Professional 2 2 4 «2 8 IZ 12 4 =e 5 
w ‘Tri-X’ Pan 2 IW 4 2 8 If 143 WS 
5 | ‘Plus-X’ Pan 2 2 4 22 8 if if 4 4b 5 
SE] ‘Panatomic-X’ .. 2 2 4 «2 8 Wow 4 i 5s 
| ‘Micro-File’ Pan .. 2 2 34 3 16 It It 34 2 8 
= | Quick-Finish Pan 2 2 4 #2 7 to if 4 2 4 
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Product names quoted thus 


‘KODAK’ 
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‘WRATTEN’ NEUTRAL-DENSITY FILTERS 
AND ‘KODAK’ PHOTOGRAPHIC STEP TABLETS 


NEvuTRAL-density filters and step tablets (step wedges) are of use in many 
branches of optical work since they permit the reduction of light intensity 
in a known and definite manner. Those made by Kodak Limited are 
for use in the visible spectrum only; they are not intended for use in the 
ultra-violet or infra-red regions. They are made to have certain definite 
values of optical density, which are measured in terms of diffuse illum- 
ination upon approved types of photometers. 

Experience has shown that the transmission of a neutral-density filter 
depends to the extent of 2-3 per cent on the optical system with which it 
is used. This is the result of slight scattering of the transmitted light and 
inter-reflections. Neutral-density filters are, therefore, supplied only 
within an accuracy of +5 per cent of the nominal diffuse opal density 
value according to British Standard 1384:1947. Where a densitometer 
or other instrument, in which a filter or step tablet is to be used or 
measured, does not conform to the British Standard, then a correlation 
between the instrument and the standard should be considered and 
tolerances agreed, otherwise discrepancies may occur. It is recommended 
that for special work they be calibrated by direct measurement under the 
conditions of use. 


‘Wratten’ Gelatine Neutral-Density Filters 


These filters are available as dyed gelatine film in eleven densities as 
shown in the table below. For an extra charge, the filters are available 
individually calibrated. The same range is available mounted in any 
quality glass (see Data Sheet FT-1) under the general title of ‘Wratten’ 
Neutral-Density Filters. 





INCREASE IN 
PERCENTAGE | MULTIPLYING 
NAME DENSITY | anismissionl PAGTOR EXPOSURE 
(STOPS) 

ND.0-1 0-1 It 4 
ND.0-2 0-2 it 3 
ND.0-3 0:3 2 | 
ND.0-4 0-4 24 It 
ND.0-5 0:5 3 12 
ND.0-6 06 4 2 
ND.0-7 0:7 5 24 
ND.0-8 08 6 23 
ND.0-9 0:9 8 3 
ND.1-0 1-0 34 
ND.2-0 2-0 63 


Requests for supplies of specially calibrated filters will be considered, 
but acceptance of orders cannot be guaranteed. Requests for quotations 
for such filters should be accompanied by complete statements of size, 
precision required, and conditions under which the filters are to be used. 
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‘Kodak’ Photographic Step Tablets 

These step tablets (step wedges) consist of a series of steps of neutral 
photographic silver densities, with approximately equal density increments 
between steps. Nos. 2 and 3 include three colour patches to facilitate 
differentiation between colour-separation negatives. They are all normally 
supplied uncalibrated, but calibration is available at an extra charge. 


NOMINAL 
DENSITY RANGE ceceerNe 
(INCLUDING 
BASE) 


OVERALL 
DIMENSIONS 


0-05 - 3-05 2°2*3°3 cm | 2°2x7°5 cm 
(} x 1-& in) (% x3 in) 

0-05 - 3:05 | 2:2x 10-Scm | 2:2x 14cm 
(&x4e in) | (&x 54 in) 

0-05 - 3:05 2:2x21 cm | 2-2x25 cm 
(}x8% in) | (Fx 9} in) 





Owing to the fact that the densities are of silver, and not dyed gelatine, 
the degree of scatter is higher than with neutral-density filters, and it is 
even more desirable that the steps should be calibrated only by direct 
measurement under the conditions of use. 

Similar strips of other sizes and density ranges may be supplied to 
special order, subject to the prior acceptance of a quotation; please address 
enquiries to the Industrial/Professional Sales Division of Kodak Limited 
at Kingsway, London, W.C.2, providing the following information :— 

I Overall size (total effective area) of the wedge. Each wedge can be 
made in any size up to a maximum of 7-2 9-2 inches (18-3 x 23-5 cm). 
2 Direction of steps. If overall length or width is not greater than 7-2 
inches, steps can be parallel with long or short side. With lengths 
greater than 7-2 inches, steps can only be parallel with short side. 

3 Total number of steps required. 

4 Width of steps, which are available in 1, 2, 3, 4,5, 6, 7-5, 10, 15, 20, 24, 
and 30 millimetre widths. 

5 The density increments of the steps. Density ranges are available 
from fog level to 3-0 or according to the following: 

Fog level to density 0-5 Density 1-2 to density 2-0 

Density 0-5 to density 1-2 Density 2-0 to density 3-0 

Details of the tolerances available for these steps can be obtained from 
Kodak Limited upon request. Customers should state the required 
tolerance when submitiing an order, or asking for a quotation. 

6 Total density range of whole wedge. 
7 Whether wedge is to be calibrated and where such calibrations are to 
be made on the steps. 


The above information should be used only as a guide: the production 
of a step wedge to a customer’s own specification must be the subject of 
special negotiation. 


Kodak and Wratten are trade marks 
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KODAK ‘WRATTEN’ FILTER SETS FOR 
SCIENTIFIC AND INDUSTRIAL PURPOSES 


THE range of Kodak ‘Wratten’ Light Filters includes nearly one hundred 
different filters. Their absorption curves, transmission figures and other 
characteristics are given in detail in the book “Wratten Light Filters” 
published by Kodak Limited. 

With the exception of Nos. 18A, 18B, 77 and 77A, which are 
available only in a special glass form, and No. 76, which is available only 
as a filter cemented between glasses of any of the undermentioned qualities, 
all filters are available in any of the following forms :— 


Kodak ‘Wratten’ Gelatine Filters 


These are supplied as squares of film which may easily be cut into 
circles. They are suitable especially for experimental work. 


Kodak ‘Wratten’ Filters 

‘A’ quality glass—specially selected optical flats of the highest quality 
which are surfaced with the same care and accuracy as that which is given 
to the preparation of lenses. This is recommended wherever the finest 
possible definition is required, and especially for use with long-focus or 
very wide-aperture lenses. 

‘B’ quality glass—plane-parallel optical glass of good quality, suitable 
for all normal photographic work, and for most scientific purposes such 
as spectrography and photomicrography. 

‘Cine’ quality glass—specially selected ‘B’ glass of the highest quality. 


Kodak ‘Wratten’ Filters (Non-Photographic) 

These are of ordinary quality glass, but free from blemishes. They are 
suitable for visual work, or in such scientific applications as spectrography 
and photomicrography when the filter is placed in the path of a dispersed 
beam of light. 


For the convenience of different classes of workers, a number of sets 
of selected filters are available as follows: 


Kodak ‘Wratten’ Technical Set of 8 Filters 


This set is designed to provide for much of the work arising in technical 
photography, and as such represents a selection of the most generally 
used filters in the ‘Wratten’ range. The filters, which are available 
normally in ‘B’ quality glass (other qualities available to special order), 
are the following: 


Nos. 3, 8, 11, 15, 25, 29, 47B and 58. 
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Kodak ‘Wratten’ Laboratory Set of 50 Filters 

The laboratory set of 50 filters has been selected for use in laboratories, 
schools, universities, research stations and other places where the behaviour 
of light is demonstrated, observed or employed. By the proper choice 
of filters or combinations of filters, various parts of the spectrum can be 
absorbed or suppressed to suit most requirements. The set is usually 
supplied in ‘B’ quality glass, but is available in ‘A’ or ‘Cine’ quality glass 
to special order. The set is supplied complete in a fitted mahogany 
case. The filters comprising the set are:—Nos. 1A, 2B, 3, 8, 11, 12, 15, 
18A, 18B, 22, 23A, 25, 29, 30, 32, 35, 36, 38, 44, 45, 47B, 50, 58, 59, 61, 
66, 70, 72B, 73, 74, 75, 76, 77, 78A, 78C, 81, 81C, 82, 85, 85B, 86A, 
86C, 87, 88A, ND.0-1, ND.0-2, ND.0-5, ND.0-8, CC-20Y, CC-05M. 


Kodak ‘Wratten’ Small Laboratory Set of 24 Filters 

For those who do not require the full set of 50 filters, this small set is 
available. The set is usually supplied in ‘B’ quality glass but is available 
in ‘A’ or ‘Cine’ quality glass to special order. The set is supplied com- 
plete in a fitted mahogany case and includes the following filters :—Nos. 
2B, 8, 11, 12, 15, 22, 25, 29, 32, 35, 44, 45, 47B, 50, 58, 59, 61, 70, 72B, 
73, 74, 75, 76, 88A. 


Kodak ‘Wratten’ M Set of 9 Filters 


These filters have been selected to enable the photomicrographer to 
control accurately the contrast and definition of his photomicrographs. 
They are chosen for their great purity, brightness of colour and their 
sharp absorption characteristics. In addition to their use as single filters, 
they can be used in pairs with which the spectrum can be divided into 
substantially monochromatic portions. 

They are intended for use interposed between the light source and the 
sub-stage condenser; because of this they are available only as Kodak 
‘Wratten’ Filters (Non-Photographic). 

The set comprises the following filters:—Nos. 11, 15, 22, 25, 29, 35, 
45, 47B and 58. 


Kodak ‘Wratten’ Set of 7 Monochromatic Filters 


The filters in this set are normally cemented in ‘B’ quality glass, each 
filter transmitting a spectral region about 55 my. in width. 


70 + Very deep red 75 Very deep blue-green 
72B_ Very deep orange-red 76 Very deep violet 
73 Very deep yellow-green 88A Visually opaque (infra-red) 


74 Very deep green 


Transmission figures for these filters (with the exception of the 88A, the 
figures for which are given in Data Sheet FT-9) and of certain mono- 
chromatic combinations are given in Data Sheet FT-4. 


Kodak ‘Wratten’ Mercury Monochromatic Set of 3 Filters 
These filters, Nos. 22, 50 and 74, as their name implies, are designed 
for the isolation of certain of the mercury lines. The No. 22 (yellow 


FT-3 2 


monochromat) transmits the yellow lines of 577 and 579 mu. ana all longer 
wave-lengths. The No. 50 (violet monochromat) transmits the blue-violet 
line of 436 my, and to a lesser extent the ultra-violet line at 398 mu, and 
the deep-violet line at 408 mu. The No. 74 filter (green monochromat) 
transmits approximately 10 per cent of the green line at 546 mp. and about 
0-2 per cent of the yellow lines. 


Kodak ‘Wratten’ Special Mercury Monochromatic Filters 


In addition to the standard set of mercury monochromats, four special 
filters, the ‘Wratten’ Nos. 18A, 18B, 77 and 77A are available. 

The No. 77 is designed to isolate the green line at 546 my, but to 
suppress the nearby band of yellow at 577 and 579 mu; it transmits 
74 per cent of the green line and about 0-2 per cent of the yellow lines. 

Where the yellow lines must be suppressed still further, the No. 77A 
is recommended. This filter transmits approximately 68 per cent of the 
green line and has only a negligible transmission at 577my. Where the 
red lines of a quartz lamp are objectionable and must be eliminated, a 
No. 58 filter should be used in combination with either a No. 77 or a 
No. 77A. 

Further information concerning the characteristics of the 18A and 
18B filters may be obtained from Data Sheet FT-9. 


Kodak ‘Wratten’ Colour-Separation Sets 


Details of two of these sets are given in Data Sheets FT-6 and FT-7. 
Other sets may be obtained as required. 


In addition to the sets described above, and the normal ‘Wratten’ and 
‘Kodak’ filters, there are available ‘Kodak’ Non-Photographic Filters; 
these are intended for use in conjunction with optical systems with which 
no image is to be formed. Many different types have been produced, 
but these filters can be manufactured to comply with specified standards 
of colour and spectral transmission for use in instruments such as photo- 
electric absorptiometers, colorimeters, etc. Further details may be 
obtained from Data Sheet FT-10, ‘Kodak’ Non-Photographic Filters. 


Details of further sets of filters used in colour photography—‘Wratten’ 
Light-Balancing Filters and ‘Kodak’ Colour-Compensating Filters—are 
given in Data Sheet CL-3. 
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KODAK ‘WRATTEN’ FILTER 
COLOUR-SEPARATION SET No. 1 


Filters and their colours: ‘Wratten’ No. 25—Red 
‘Wratten’ No. 47B—Deep blue 
‘Wratten’ No. 58—Green 


Negative materials: All panchromatic materials. 
Uses: These filters comprise the standard set for making colour-separation 


negatives from original subjects for subsequent colour printing. Informa- 
tion on other uses of the No. 25 filter is given in Data Sheet FT-8. 


Filter factors 













DAYLIGHT TUNGSTEN 


NEGATIVE MATERIAL 


47B 25 47B 58 


P.300 plate . 

P.1200 plate . 8 
‘Panchro-Royal’ sheet film . 
‘Super-XX’ sheet film. 


Filter ratios are given in their respective Data Sheets for Separation- 
Negative Films, Types 1 and 2—FM-43 and FM-43A, and for P.900 
Colour-Separation Plate—PL-26. 


Absorption curves 


‘Wratten’ No. 25 
‘Wratten’ No. 47B 
‘Wratten’ No. 58 


DENSITY Ww 


BS 





Wave-length mu 


Available forms: Gelatine film or cemented in ‘A’, ‘B’, or ‘Cine’ quality 
glass, in all common sizes—see pages 6-9 of Data Sheet FT-1. 

When this set is ordered in gelatine form, a specially selected quality 
—designated Graphic Arts quality—is supplied. An even higher optical 
quality gelatine set is also available, under the title Photomechanical 
quality, especially for use in multi-filtering techniques. 
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KODAK ‘WRATTEN’ FILTER 
COLOUR-SEPARATION SET No. 1 


Filters and their colours: ‘Wratten’ No. 25—Red 
‘Wratten’ No. 47B—Deep blue 
‘Wratten’ No. 58—Green 


Negative materials: All panchromatic materials. 
Uses: These filters comprise the standard set for making colour-separation 


negatives from original subjects for subsequent colour printing. Informa- 
tion on other uses of the No. 25 filter is given in Data Sheet FT-8. 


Filter factors 













DAYLIGHT TUNGSTEN 
NEGATIVE MATERIAL 


478 25 47B 58 







P.300 plate . I 23 25 7 
P.1200 plate . nt 9 4 29 WW 
‘Panchro-Royal’ sheet film . 10 5 22 6 
‘Super-XX’ sheet film. 10 4 22 8 





Filter ratios are given in their respective Data Sheets for Separation- 
Negative Films, Types 1 and 2—FM-43 and FM-43A, and for P.900 
Colour-Separation Plate—PL-26. 


Absorption curves 


‘Wratten’ No. 25 
‘Wratten’ No. 47B 
‘Wratten’ No. 58 


DENSITY w 


x 





Wave-length my. 


Available forms: Gelatine film or cemented in ‘A’, ‘B’, or ‘Cine’ quality 
glass, in all common sizes—see pages 6-9 of Data Sheet FT-1. 

When this set is ordered in gelatine form, a specially selected quality 
—designated Graphic Arts quality—is supplied. An even higher optical 
quality gelatine set is also available, under the title Photomechanical 
quality, especially for use in multi-filtering techniques. 
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KODAK ‘WRATTEN’ 29, 478, 61, 
COLOUR-SEPARATION SET 


Colour: ‘Wratten’ No. 29—Red 
‘Wratten’ No. 47B—Blue 
‘Wratten’ No. 61—Green 


Negative materials: All panchromatic materials; preferably P.600 or 
P.1200 plates, ‘Panchro Royal’, or ‘Super-XX’ sheet films. 


Uses: Narrow-cutting filters for making colour-separation negatives from 
transparencies. 


Filter factors: 


Tungsten 


Negative material 


P.1200 plates 


‘Panchro Royal’ or ‘Super-XX’ sheet films. 





Absorption curves 


























‘Wratten’ No. 29 
‘Wratten’ No. 47B : Z 
‘Wratten’ No. 61 3 2 
a Zz 
’ 10% 
0 100% 
10 


Wave-length mu 


Available forms: Gelatine film or cemented in ‘Wratten’ ‘A’, ‘B’, ‘Cine’, 
or non-photographic quality glass, in all common sizes. Gelatine is 
recommended for separation negatives by projection; for use in the 
split-filter technique, a special quality of gelatine filter—Photomechanical 
Quality—is particularly recommended. Cemented filters should be 
ordered in matched sets to ensure accurate registration of the three images. 
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KODAK ‘WRATTEN’ FILTERS 
Nos. 8 (K2), 9(K3), 11 (X1), 15(G), 25 


Spectral characteristics 


No. 8 (K2) 
No. 9 (K3) 


Yellow. Absorbs ultra-violet and some blue. 


Medium yellow. Absorbs ultra-violet and some blue. 


No. 11 (XI) Light yellow-green. Absorbs ultra-violet, some blue, and 


No. 15 (G) 
No. 25 


Uses 


No. 8 
(K2) 


No. 9 
(K3) 


No. II 
(X!) 


Issue B 


some red. 


Very deep yellow. Absorbs ultra-violet, blue, and a little 
green. 


Red. Absorbs ultra-violet, blue, and green. 


Correction filter for outdoor use: This filter reproduces colours 
in their correct monochromatic relationship when used in 
daylight with ‘Kodak’ panchromatic materials. It is recom- 
mended also for use with ‘Kodak’ orthochromatic materials. 
Its principal uses are (1) darkening a blue sky to obtain cloud 
effects; (2) photographing through distance haze; (3) photo- 
graphing foliage and grass to render it lighter than without a 
filter; (4) photographing gardens; (5) for any scenery (distant 
or close) where colours, especially greens, yellows and reds, 
are predominant, and (6) in much outdoor commercial work, 
such as architecture. 


Contrast effects in the studio: This filter should be used in the 
studio when a light rendering of red and yellow objects is 
required, but not so light a rendering as is given by the 
Kodak ‘Wratten’ Filter No. 15. 


Contrast filter: This filter is slightly more dense than the 
No. 8 and may be used for the same purposes. It gives 
a slightly ‘‘over-correct” rendering when used for normal 
outdoor photography. It may be used with both panchro- 
matic and orthochromatic materials. 


Correction filter with tungsten lighting: This filter reproduces 
colours in their correct monochromatic relationship when 
used in tungsten lighting with ‘Kodak’ panchromatic 
materials. It is not recommended for use with orthochro- 
matic materials. Should the first result on such panchromatic 
materials as “Tri-X’ film, as taken in tungsten light without 
a filter, need improvement in rendering, this filter should 


Kodak Data Sheet 
FT-8 


No. [5 
(G) 


No. 25 


FT-8 


be tried before any of the contrast filters, unless the need for 
the latter is definitely indicated. 


Outdoor portraits: This filter also produces pleasing flesh tone 
and background rendering in close-up outdoor portraits 
against the sky, when the use of a yellow filter might result in 
a chalky rendering of flesh tones. 


This filter may be used with both panchromatic and ortho- 
chromatic materials. 


Sky and other outdoor contrast effects: Renders a blue sky 
darker than is correct in order to emphasize a foreground 
subject—a building, for example; in marine scenes, darkens 
the water surface. The bluer the water appears, the more 
pronounced is the effect. Red and yellow subjects, such as 
flowers, are rendered lighter than the eye sees them. Blue 
subjects are rendered darker. 


Texture rendering outdoors: Produces an enhanced rendering 
of texture in sunlit outdoor subjects photographed under a 
blue sky, e.g., with such subjects as architectural stone, sand, 
fabrics, etc. 


Haze penetration: Penetrates distant haze to a greater extent 
than the eye. 


Telephoto lenses: Many distant scenes taken with telephoto or 
other long-focus lenses are improved by this filter. Telephoto 
pictures taken without filters tend to lack contrast. With 
lenses longer than 10 inches in focal length, gelatine film 
or ‘A’ quality glass should be used. 


Contrast uses in the laboratory: Produces contrast between the 
blue parts and the yellow, brown, orange or red parts of a 
subject, such as stained biological slides, and renders detail in 
any yellow, brown or orange subject. 


This filter should be used only with panchromatic or infra- 
red materials. 


Sky and other outdoor contrast effects: Applications outdoors 
are similar to those of the No. 15 filter, but the effects are 
more pronounced. The No. 25 filter renders red and yellow 
objects lighter, blue objects darker, and enhances the texture 
of outdoor subjects. It renders blue skies dark, which is 
helpful in producing spectacular photographs of buildings 
and so forth. This filter likewise penetrates aerial haze; green 
foliage, however, will be darkened. Slight under-exposure 
through a No. 25 filter produces moonlight effects. This filter 
renders sunsets spectacular, for the red and yellow parts are 
reproduced bright against blue sky and grey clouds. 


Contrast effects in the studio and laboratory: This filter is most 
useful in producing contrast—for example, in photographing 
a blue-print to show the lines light against a dark background. 
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It renders blue and green as dark; and yellow, orange and red 
as very light. This filter is also valuable in reproducing detail 
in brown or red subjects, such as mahogany furniture and 
stained biological slides. 

Infra-red photography : This filter is also used with IR.ER. 
Infra-Red Extra-Rapid Plates (see Data Sheet PL-30). 
Colour-separation negatives: The No. 25 is the red filter of the 
standard tri-colour set (see Data Sheet FT-6). 


Available forms 
These filters are available in any of the following forms :— 


Kodak ‘Wratten’ Gelatine Filters 


Supplied as squares of film which may easily be cut into disks, etc. 
All sizes have a thickness of 0‘-lmm +0:°01mm. 


Kodak ‘Wratten’ Filters 


These are gelatine filters cemented between glasses of the following 
qualities; they may be ‘Lumenized’ if desired, at extra cost :— 


‘A’ quality glass—specially selected optical flats of the highest quality 
which are surfaced with the same care and accuracy as that which is 
given to the preparation of lenses. This is recommended whenever the 
finest possible definition is required, and especially for use with long- 
focus or very wide-aperture lenses. 

‘B’ quality glass—plane-parallel, optical glass of good quality, suitable 
for all normal photographic work, and for most scientific applications, 
such as spectrography and photomicrography. 

‘Cine’ quality glass—specially selected ‘B’ glass of the highest quality. 

“‘Non-photographic” quality glass—glass of ordinary quality which is 
free from blemishes. ‘Wratten’ filters of this quality are suitable for 
visual work, or in such scientific applications as spectography and photo- 
micrography when they are placed in a dispersed beam of light. (These 
filters should not be confused with ‘Kodak’ Non-Photographic Filters, 
which are of different construction; they are described in Data Sheet 
FT-10.) 

Further details of all these forms are given in Data Sheet FT-1. 
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Transmission tables 


The following tables give wave-length:transmission figures for the 
5 filters. In addition are given the total visual transmission factors, 
expressed as percentages, for the standard illuminants ‘A’ (2854°K), and 
‘C’ (mixture of sunlight and sky light and approximately similar to the 
light from a 6500°K source), as adopted by the Commission Internationale 
de l’Eclairage (C.I.E.). 


PERCENTAGE TRANSMISSION 


WAVE-LENGTH 
mu 


400 
10 
20 
30 
40 
450 
60 
70 
80 
9 
500 
10 
20 
30 
40 
550 
60 
70 
80 
90 
600 
10 
20 
30 
40 
650 
60 
70 
80 
90 
700 


Total Transmission 
C.1.E.Standard ‘A’ 
(2854°K) 
C.I.E.Standard‘C’ 
(6500°K) 





Filter factors 


Since a filter to do its work must absorb some of the light falling upon 
it, its use makes necessary some increase in exposure. The number of 
times by which a “no filter” exposure must be multiplied when using a 
filter, is called the filter factor, and this depends upon the absorption 
characteristics of the filter, the photographic material and upon the light- 
source used. The No. 25 filter, for instance, may increase the exposure 
thousands of times with a material having very little sensitivity to red, 
while with a very red-sensitive material it may increase the exposure only 
5 times. The same conditions apply to the use of different light-sources. 
It is meaningless, therefore, to refer to filters as “‘2 times” or ‘‘4 times” 
filters. Filter factors to daylight and to tungsten light are given in the 
table below, but they must be taken only as an approximate guide. 


DAYLIGHT TUNGSTEN 
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Further information on the selection of other ‘Wratten’ filters may be 
found in Data Sheet FT-1. 
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KODAK ‘WRATTEN’ 
“ULTRA-VIOLET FILTERS Nos. 2B, 2E, 18A, 18B 
AND INFRA-RED FILTERS Nos, 87, 88A 


Spectral characteristics and uses 


No. 2B 


No. 2E 


No. I8A 


No. 18B 


No. 88A 


Issue B 


Very faint yellow. This filter absorbs ultra-violet radiation 
strongly and transmits a large percentage of all visible radi- 
ation. It is recommended for use with black-and-white 
materials when used at high altitudes or on other occasions 
when the elimination of ultra-violet radiation is required, 
as in the fluorescence method of ultra-violet photography. 


Faint yellow. Similar to No. 2B but absorbs more ultra- 
violet radiation. 


Visually opaque. Transmits ultra-violet radiation and 
absorbs all visible radiation except a very small amount of 
extreme red. Recommended for the direct method of ultra- 
violet photography and for other ultra-violet work. Having 
a peak transmission at approximately 360 my. it is particu- 
larly suitable when using the 365 mu mercury line, and infra- 
red radiation. 


Very deep violet. This filter is generally similar to the 
No. 18A, but has a wider transmission band. Transmits 
ultra-violet radiation down to the 254 my mercury line, and 
infra-red radiation. It absorbs all visible radiation except 
some extreme blue and some extreme red. 


Transmits infra-red radiation and absorbs visible radiation. 
This is a special infra-red filter recommended for use with 
infra-red sensitized materials under a variety of technical 
conditions. 


Transmits infra-red radiation and absorbs visible radiation. 
It has a wider transmission band than the No. 87. This 
filter is recommended for all general-purpose infra-red 
work, including special-effect outdoor photography. 
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Available forms 


The Nos. 18A and 18B filters are available only in a special glass and 
cannot be supplied in any other form. 


The Nos. 2B, 2E, 87, and 88A filters are available in any of the following 
forms :— 


Kodak ‘Wratten’ Gelatine Filters 


Supplied as squares of film which may easily be cut into disks, etc. 
All sizes have a thickness of 0°:l1 mm+0:01 mm. 


Kodak ‘Wratten’ Filters 


These are gelatine filters cemented between glasses of the following 
qualities; they may be ‘Lumenized’ if desired, at extra cost :— 


‘A’ quality glass—specially selected optical flats of the highest quality 
which are surfaced with the same care and accuracy as that which is 
given to the preparation of lenses. This is recommended whenever the 
finest possible definition is required, and especially for use with long- 
focus or very wide-aperture lenses. 


‘B’ quality glass—plane-parallel, optical glass of good quality, suitable 
for all normal photographic work, and for most scientific applications, 
such as spectography and photomicrography. 


‘Cine’ quality glass—specially selected ‘B’ glass of the highest quality. 


“Non-photographic” quality glass—glass of ordinary quality which is 
free from blemishes. ‘Wratten’ filters of this quality are suitable for 
visual work, or in such scientific applications as spectography and photo- 
micrography when they are placed in a dispersed beam of light. (These 
filters should not be confused with ‘Kodak’ Non-Photographic Filters, 
which are of different construction; they are described in Data Sheet 
FT-10.) 


Further details of all these forms are given in Data Sheet FT-1. 
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Transmission tables 


The following tables give wave-length:transmission figures for the 
6 filters :— 





Percentage Transmission Percentage Transmission 


Wave-length Wave-length 





rae 18A 18B mu 18A 18B 
220 — — 650 = 233 
30 = 25 60 — 7:2 
40 a 16-2 70 — 14-5 
250 = 42-9 80 = 28-0 
0) = 58-0 90 0-25 45-0 
70 = 68-7 700 1-2 55-1 
80 — 756 10 31 60-2 
90 0-65 81-8 20 5-63 62:5 
300 2-5 84-3 30 8-51 62:5 
10 76 86-2 40 10-7 61-6 
20 1455 86°8 750 10-7 59-9 
30 25°6 87:1 60 7-95 58-2 
40 37-2 87-5 70 535 55-7 
350 47-9 87-3 80 3-72 54-0 
60 52:5 86-2 90 2°57 52°5 
70 44-7 82-5 800 1-82 Sl-t 
80 31-6 67°6 10 1-26 48-0 
90 455 46-0 20 0-91 47-1 
400 — 25-0 30 0-65 45-8 
10 — 13-8 40 0-47 44-6 
20 = 7-0 850 0-32 43-3 
30 = 3-8 60 0-22 42:1 
40 -- 2-4 70 0-15 41-0 
450 = 2:0 80 0-1 40-0 
60 — 1-6 90 —_ 39-1 
70 _— 1-3 900 = 38-2 
480 ae Il 10 = 37°5 
20 a 35-8 
30 a 35-1 
40 — 34:1 
950 a 33-2 
60 — 32:3 
70 _— 31-4 
80 a 30°5 
90 a 30-0 
1000 — 29-2 
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Percentage Transmission 
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89-9 89-4 30 
90-3 89-7 40 
90°5 89-9 

90-6 90-1 60 
90-7 90-2 70 
90-8 90-4 80 
90-9 90°5 90 
90-9 90-6 

91-0 90-6 10 
9I-l 90:7 20 
91-2 90-8 30 
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74 
32°8 
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69-2 
74-2 
776 
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83-7 
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87-2 
87°5 
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‘KODAK’ NON-PHOTOGRAPHIC FILTERS 


Kopak Limited has devised new methods for the production of filters 
designed to cater for specific needs, in terms of spectral transmission, size 
and finish. To distinguish these products from the long-established and 
well-known range of Kodak ‘Wratten’ Filters, they are called ‘Kodak’ Non- 
Photographic Filters. 

Unlike their ‘Wratten’ counterparts, these Non-Photographic Filters 
are not intended for use in conjunction with optical systems where an 
image has to be produced, but they are manufactured to comply with 
specified standards of colour and spectral transmission. Thus, they can 
be supplied for use in laboratory instruments such as photo-electric 
absorptiometers, colorimeters, and other scientific apparatus, as readily 
as they can for equipment of a much less accurate nature. 

Many different kinds of these filters have already been produced for a 
wide range of purposes, and in the table commencing on page 3 these are 
listed together with some details of their characteristics, the ‘Wratten’ 
Filters to which they are similar, or the original applications; but there 
may be other applications for which they may be used which donot bear 
any relationship to their original purpose. 

Experience has shown that in general these Non-Photographic Filters 
are used as integral parts of mechanical or electronic equipment, and there 
has therefore been established a range of various forms or finishes from 
which the user may choose that most suitable to the particular require- 
ments. 

Basically, ‘Kodak’ Non-Photographic Filters consist of a sheet of dyed 
gelatine, of plastics sheeting or glass coated with a dyed gelatine layer, 
or of glass which has been coloured in the mass. The coated glass sheets 
can themselves be supplied cut into circles or squares; if required, cover 
glasses can be bound up with them or cemented to them. The avail- 
ability of all the current Non-Photographic Filters is shown under the 
heading Availability, on page 5. 


NEW NON-PHOTOGRAPHIC FILTERS 


When a request is made for a new kind of Non-Photographic Filter in 
accordance with a user’s specification, the first aim must be to ensure that 
production is kept upon an economic basis. This is of prime importance 
to both the user and to Kodak Limited, as one of the principal advantages 
possessed by these filters is that they can normally be produced at a 
relatively low cost. For this reason, an area of 1200 square inches is taken 
to be the minimum economic quantity for types A, B, C, and D (explained 
on page 2), and this can be supplied in the form of nine 12 x 12-inch filters, 
(for Type A), fifteen 8 x 10-inch or 93 x 94-inch filters (for Types B, C, and 
D), or in equivalent quantities of smaller sizes. Under the heading Avail- 
ability, are given the various forms and finishes, together with the mini- 
mum sizes. 

For Type E, orders for new filters made from coated acetate sheeting 
must absorb a minimum area of 53 inches x 1000 feet. The minimum 
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economic quantity for Type E filters made from other plastics is subject 
to negotiation. 

For Type F, orders for new filters must absorb a minimum area which 
is subject to negotiation. 

Below are listed the items of information which must be provided if 
the production of a new kind of filter is required: 
| Particulars of the required spectral transmission characteristics (or a 
sample of the colour to be matched). 

2 Required quantity. 

3 Required size, with permissible tolerances. 

4 For Types B, C, D, E, and F, the required thickness, with permissible 
tolerances. Glass 0-060 inch thick is preferred for Types B, C, and D. 
Type E filters are available on acetate sheeting 0-007 inch thick only, or 
on other plastics sheeting in the following thicknesses—1/8, 5/32, 3/16, 
and 1/4 inch. With Type F filters, the thickness will be governed by 
the transmission characteristics required. 

5 For Type D only, the kind of edge finish, and whether filters are required 
to be edge-lacquered. 

6 Kind of packing required (bulk packing is preferred but Kodak Limited 
is prepared to consider individual packing to meet users’ special require- 
ments). 

It is appreciated that it may not always be possible for information on all 
the above points to be given when an enquiry is first made. 

Kodak Limited is prepared to consider requests for new filters of any 
kind. If, therefore, problems exist involving the production of new filters, 
no matter for what purpose, application is invited to the Industrial/ 
Professional Sales Division, Kodak Limited, Kingsway, London W.C.2, 
England. 


CURRENT NON-PHOTOGRAPHIC FILTERS 


A list is given below of the current availability of Non-Photographic 
Filters. The following key letters indicate the various types available: 


A — dyed gelatine sheeting 

B — coated glass 

C — coated glass bound up with cover glass 

D — coated glass cemented to cover glass 

E — coated plastics sheeting (including Studio Filters) 
F — solid glass 


In the columns, the letter X indicates that a filter is available to special 
order; the letter S, that a filter is available from stock. 

Spectrophotometric curves for most of the filters listed in the table are 
available on application to the Industrial/Professional Sales Division of 
Kodak Limited, or they may be taken from the curves given in the 
book “Kodak Wratten Filters’’. 
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‘Kodak’ Types 


Non-Photo- Description Available 
graphic 
Filter No. A B Cc D E F 
500/00 
/HRI | Heat-absorbing glas . . . . . . .. x 
500/03 Neutral DensityO*?3 . 2... . 2... Ss 
500/06 Neutral DensityO*6 . 2... 2... Ss 
500/07 Neutral DensityO-7 . . . . 2. «© 2. 1. | XTX] XIX] X 
500/09 Neutral Density0-9 . . . 2... .. S 
500/15 Neutral Density 1-5 X|X|]xX |x] xX 
500/20 Neutral Density 2-0 (Daylight Viewing | Fil- 
ter for ‘Eastman’ Colour Film). xX|X|]xX |x] XxX 
500/D2 Weak white diffuser x | X 
500/D3 Double density of 500/D2 xX |X 
500/D4 Double density of 500/D3 xX | X 
500/D5 Double density of 500/D4 x | X 
500/D3 Diffusing screen contain- | Screens for 
/03 ing neutral density of \ back-projection 
0-3 to give a dark- / and micro- 
screen readers xX|X 
500/D3 Diffusing screen contain- 
/06 ing neutral density of 
0*6 to give a dark- 
screen x | X x 
500/D3/G} Diffusing screen containing green dye. . xX} xX 
532 Transmits from 250 to es and from 
700mu upwards. . . . eae ae x 
535 Violet blue . . se we | XL KL XT XX 
535/1 Transmits from 380mu upwards : X}|X| xX] x] xX 
536 Transmits from 310 to 380mpz. . x 
542 ‘Wratten’ No. 36+No. 38A x|xXI/]xX]xX] xX 
543 ‘Wratten’ No. 34A-+ No. 38A ect ORE OR Rh IE OC 
543/2 ‘Wratten’ No. 38+ 4-density ‘Wratten’ 
No. 47B : xX|X |X] xX] xX 
544 Transmission between ‘Wratten’ No. 38 
and No. 38A. . . .. . ~ | X)|X] xX] xX] xX 
545 ‘Wratten’ No. 3-++No. 49 are x|xXx)]xX| xX] xX 
546 ‘Wratten’ No.50 . . . X|X|]xX]xX |X 
546/I ‘Wratten’ No. 49 . X}X]X)] xX] xX 
547 ‘Wratten’ No. 48 . X1|X |X] xX] xX 
547/2 ‘Wratten’ No. 47 X|X| xX] xX] xX 
547/4 Half the absorption of No. 0, 547/2 xX|xX| xX] xX] xX 
547/5 ‘Wratten’ No. 46 . . X|xX |X] xX] xX 
548 ‘Wratten’ No. 78 . . X|X |X| xX] xX 
548/1 ‘Wratten’ No. 78A-+ Neutral Density I- 34 
‘Kodak’ Colour-Compensating filter CC 
10M (Tungsten—3200°K—Viewing Filter 
for ‘Eastman’ Colour Film) . . . X|X |X |x] xX 
548/2 Corrects high-wattage incandescent lamps 
to approximate daylight .. se. | XT XK] XK] XY S 
548/3 Having half density of No. 548/2 . . Ss 
548/4 Having quarter density of No. ea S 
549 ‘Wratten’ No.75 . . . X{|X|xX}] xX] xX 
549/2 ‘Wratten’ No. 44 . X{X|xX]xX]xX 
549/3 Anaglyph blue : X|X |X| xX] xX 
54974 ‘Wratten’ No. 45. . X|X)1X |X] xX 
549/8 Transmits from 380 to 580my. (Chance Sig: 
nal Green glass). . 3 x 
550 ‘Wratten’ No. 45+ No. 9 ‘ xX|xX/|xX|xX 
550/2 Green (the former CC 66 filter) . xX|]X |X] xX] xX 
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‘Kodak’ Types 


Non-Photo- Description Available 
graphic 
Filter No. AlB|lcIlbDIeE|F 
550/3 Green, transmits from 450 to alls with 

peak at 510mu. uo - . |X]X| xX] xX] x 
551C ‘Wratten’ No. 33. . X{X |X] xXx] xX 
552 ‘Wratten’ No. 63+ No. 12. X|X1]xX]X] xX 
552/5 ‘Wratten’ No. 66 . . X|X|xX}]xX]xX 
552/6 ‘Wratten’ No. 55. é oe ee | KIL KYL KY] KY X 
552/7 Transmits 25 per cent more. light than 

No.552. . . 2 ee ew | XL KYL KY] KIX 
552/8 Transmits from 470mu upwards Xx 
553 ‘Wratten’ No.58 . . . : X|X |x] xX] xX 
553/I ‘Wratten’ No.74 . . xX|X|]xX]X] XxX 
553/2 Half the absorption of No. 553, X|X|xX |x] xX 
553/4 ‘Wratten’ No. 61. . 5 xX|xX |X] xX] xX 
544 ‘Wratten’ No. 65+ No. 16. X|X|xX|]xX]xX 
554/| ‘Wratten’ No. 12+No.58. . . X|X |X |x] xX 
554/2 Green, has infra-red cut-off at 950mu. X|xX| xXx] xX 
554/3 ‘Wratten’ No. I5+No. 58 . : xX{[xX|X]xX] xX 
555 Dark green, transmission between ‘Wrat- 

ten’ No. 52 and No. 53 se ee | XT XTX] XK] X 
555/2 ‘Wratten’ No. 52 . X|X |X |x] x 
555/3 Corrects high- insenslty carbon-arcs to day- 

light . . X|X|xX xX] Ss 
555/4 Transmits from. 440my. upwards. “Some 

absorption of red . . . aes Xx 
555C/I ‘Wratten’ No. 32 . X|X] xX] xX] xX 
557 ‘Wratten’ No. 73 . . X|X/|xX |X] xX 
557/I ‘Wratten’ No. 22+ No. 58, Monochromatic 

Viewing Filter . . xX|X |X] xX 
557/2 No. 557+ Chance Signal Green glass (is 

ounce) . ‘ xX |X 
557/3 ‘Wratten’ No. 9 : xX|X)]X| xX 
557/5 ‘Wratten’ No. 102... X|X |X] xXx] xX 
557/6 ‘Wratten’ No. I5+No. 56. X|X|]X|]xX] xX 
558 Yellow green, transmits from 560 to 6I5my, 

with peak at 580mu ae . 2. | XTX X] xX] xX 
558/2 ‘Wratten’ No. 12 . X|xX |X| x] xX 
558/3 ‘Wratten’ No.7. X|X |X| xX] xX 
558/5 Transmits sodium line at 590my, absorbs 

potassium line at 770myu . » 2 | XTX] xX) xX] xX 
558/6 ‘Wratten’ No. 2B. . xX|X]x1]xX] xX 
558/7 ‘Wratten’ No. 2B+No. 500/07 xXx|X |X] xX] xX 
558/8 ‘Wratten’ No. 224+No. 59... xX1X |X |x] xX 
558/10 No. 558+Chance Signal Green glass (16 

ounce) . . xX] xX 
558/11 Corrects low-colour-temperature carbon- 

arcs to 3250°K . xX|X}]x IS 
558/12 No. 559+Chance Signal Green glass (le 

ounce) . x} X 
558/13 Corrects white-flame carbon -arcsto 3250°K 

and also corrects daylight to approximately 
3250°K tungsten eg x|x]x]S 

558/14 ‘Wratten’ No. 16 . xX|xX|xX]X 
558/15 Contrast screen for use with orange-emis- 

sion cathode-ray tubes, when ambient 

light is minus yellow . oe xX|X |x| x 
558/16 ‘Wratten’ No. 8 X|xX] xX] XxX 
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‘Kodak’ 


Types 
Non-Photo- Description Available 
graphic 

Filter No. Bic E|F 
558/22 Twice the absorption of No. 558/15 xX|X x 
558/23 ‘Wratten’ No. 2A A X|X Xx 
558/24 Having half density, of No. 558/13 ae 18 Ss 
558/25 Having quarter density of No. 558/13 . Ss 
558C/4 ‘Wratten’ No. 35 X|xX|xX]xX] xX 
559 Transmits from 560mu, with ‘peak at 590m, 

absorbs some red . 3 X|X |x| x] x 
559/1 Light amber, honey-grading filter X|X] xX] xX] xX 
559/2 Medium amber, heney-ereding ti filter X{X |X] xX] xX 
559/4 ‘Wratten’ No. 21... : X1|X| xX] xX] X 
559/6 2 thicknesses of No. 559/I 7 X|X |X| xX] xX 
559/9 No. 558+No. 559. . ‘ X1|X| xX] xX 
559/10 No. 559/9+No. 500/06 . X|X| xX] xX 
559/11 ‘Wratten’ No. 86. . X|xX] x] xX] xX 
560/1 Slightly deepens nae ‘Wratten’ No. 22 . XxX] xX] xX] xX 
561 ‘Wratten’ No. 7 , X|X |x| xX] xX 
561/2 ‘Wratten’ No. oe > X|xX |x| xX] xX 
562 ‘Wratten’ No. 25 . . X|X] xX] xX] xX 
562/2 2 thicknesses of No. 562. X1xX|]X |X 
563/I ‘Wratten’ No. 7IA_. X|X|]X)}xX] xX 
564/I ‘Wratten’ No. 70 . X{|X|xX]X] xX 
564/2 ‘Wratten’ No. 29 . . . . ‘ X1X| xX] xX] xX 
564/3 Transmits from 670my upwards : X|xX |x] x] xX 
570 Transmits from 630my. upwards .. X|X| xX] xX] xX 
570/I Same as ‘Wratten’ Series [A sviclisht Filter |X| x |x| xX] xX 
573 ‘Wratten’ No. 88A ao X1|X|] xX] XIX 
575 Transmits from 750my upwards : xXx] xX] xX] x 
575/I ‘Wratten’ No. 87 . . : X1|X| xX] xX] xX 
580 Transmits from 800mu. upwards : xX|X . 

xX |X 


585 Transmits from 850my. upwards . 


AVAILABILITY 


Gelatine sheeting, coated glass, coated glass bound up with cover glass 
(Types A, B, and C) 

These forms can be supplied in squares or rectangles in sizes from 4 inch 
square up to and including 20 x 30 inches. For Type A filters larger than 
12x12 inches, and Types B and C filters larger than 8x10 inches or 
94x 94 inches, the minimum economic quantity is subject to negotiation. 

They can also be supplied in circles in sizes from 14 inches diameter up 
to and including 18 inches diameter. 


Coated glass cemented to cover glass (Type D) 


When Non-Photographic Filters are required to withstand high tem- 
peratures or humidities, or large temperature or atmospheric changes, or 
if they are likely to be subjected to much handling, it is desirable that they 
should be protected with a cemented cover glass. 


In addition, to protect them against very damp conditions, the cut edges 
of these cemented filters can be given a lacquer coating. 
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This type of filter can be supplied with : 
(a) Plain Cut Edges. 
(b) Chamfered Cut Edges. 
Both the above finishes are available as follows: 


Squares and rectangles of minimum size 13 inches square, and maximum 
size 10x12 inches. Circles—from 14 to 10 inches diameter, inclusive. 


(c) Chamfered Ground Edges. 
This finish is available as follows: 


Squares and rectangles—minimum size 4 inch square, maximum size 
10 inches square. Circles—from } to 3 inches diameter, inclusive. For 
rectangular or square filters larger than 8x 10 inches, or 93x 94 inches, 
the minimum economic quantity is subject to negotiation. 


Coated plastics sheeting (Type E) 


Type E filters on acetate sheeting are available as follows: orders for 
filters marked X must absorb a minimum area of 53 inches x 1000 feet. 
Filters marked S are available from stock in sheet form in two sizes— 
29x31 inches and 21x25 inches—and in rolls 25 inchesx50 feet, 
29 inches x 50 feet, 53 inches x 50 feet, and 53 inches x 1000 feet. Other 
sizes and rolls are available to special order, subject to negotiation. 


Type E filters on other plastics sheeting are available in minimum 
quantities which are subject to negotiation. 


Solid glass (Type F) 
Orders for Type F filters are subject to negotiation. 


Kodak, Wratten, and Eastman are trade marks 
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‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





MEDICAL APPLICATIONS 





MD-2 
MD-3 
MD-4 
MD-5 


GN-2 
XR-1 
XR-2 
XR-3 
XR-5 
XR-6 
XR-7 
XR-8 
IN-12 
SC-6 
SC-7 
SC-10 
CL-6 
CL-7 
CL-8 
CL-9 


Infra-Red Photography in Medicine 
Photographing Pathological Specimens 
Cine-Fluorography 

Tomography 


Associated Data Sheets contained in other sections 


Copying Radiographs and Other Transparencies 
‘Kodak’ X-ray Film Speeds 

Penumbral Unsharpness 

Localisation in Radiography 

The Storage of X-ray Films and Radiographs 
Processing X-ray Films 

Faults in Processing X-ray Films 

Tropical Processing of ‘Kodak’ X-ray Films 
Contact Microradiography 

Recording Thin-Layer Chromatograms 
Infra-Red Photography 

Autoradiography 

Exposure in Colour Photography 

Problems in Colour Photography 

Colour Photography by Artificial Light 
Colour Photography and the Human Eye 
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KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





MEDICAL APPLICATIONS 





MD-| Mass Miniature Radiography. 
MD-2 Infra-red Photography in Medicine. 
MD-3 Photographing Pathological Specimens. 


Associated Data Sheets contained in other sections 


GN-2 Copying Radiographs and Other Transparencies. 
XR-| ‘Kodak’ X-ray Film Speeds. 

XR-2. Penumbral Unsharpness. 

XR-3 Localization in Radiography. 

XR-5 ‘The Storage of X-ray Films and Radiographs. 
XR-6 Processing Radiographs. 

XR-7 Faults in Processing X-ray Films. 

XR-8 Tropical Processing of ‘Kodak’ X-ray Films. 
XR-9 = X-ray Planigraphy. 

SC-10 Autoradiography. 

CL-6 Exposure in Colour Photography. 

CL-7 —_ Problems in Colour Photography. 

CL-8 Colour Photography by Artificial Light. 
CL-9 Colour Photography and the Human Eye. 
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RADIOGRAPHY 


CONTENTS EDITION 
XR-| ‘Kodak’ X-ray Film Speeds Issue B 
XR-2. = Penumbral Unsharpness — 
XR-3 Localisation in Radiography Issue A 
XR-4 Lead Intensifying Screens Issue C 
XR-5 ‘The Storage of X-ray Films and Radiographs — 
XR-6 Processing X-ray Films Issue C 
XR-7 Faults in Processing X-ray Films —_— 
XR-8 Tropical Processing of ‘Kodak’ X-ray Films Issue C 


Associated Data Sheets in other sections 


RF-I1 Stains Appearing on Stored Monochrome Negatives and Prints 
GN-2 Copying Radiographs and Other Transparencies 

MD-5 Tomography 

IN-12 Contact Microradiography 

IN-14 The Radiography of Light Alloys 

IN-I5 = Weld Radiography 

IN-16 = Gamma-Radiography 

SC-10 Autoradiography 

SC-I5 The Photographic Aspects of X-ray Crystallography 

Kodak is a trade mark KODAK LIMITED LONDON 
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LOCALISATION IN RADIOGRAPHY 


It is frequently important to find the positions of foreign bodies in patients, 
or defects in castings or welds, which have been detected radiographically. 
Apart from the stereoradiographic method in which their position may be 
assessed visually, suitable radiographs allow calculation of the depth of 
foreign bodies or defects, by measurements made on a second radiograph 
obtained by the tube-shift method, in which two exposures are made on 
the same film with the X-ray tube in two positions. The resultant radio- 
graph exhibits a double image and the separation of the two images of the 
foreign body or defect is the important factor. 


Method | 


This technique is readily applicable where the object can be laid directly 
on the film or its cassette and the X-ray tube can be moved through a 
known distance of a few inches. The layout of the apparatus is shown in 
Figure | where A and P are the two positions of the X-ray tube. The full 
lines AC, PQ show the beams which are effective with respect to the 
defect B. 


By proportion, 
D—d d 
8 





t 
from which 
s/s 
t+ os 
Suitable values for D and t 
will depend on_ individual 
X-RAY FILM circumstances, usual values 
1N SUITABLE being :-— 
HOLDER 





t = 6to1l0cm. 
and D = 60cm. 





Figure | 


It is essential to measure the image shift along a line parallel to the 
original X-ray tube displacement. 

Where the foreign body or inclusion is linear the tube shift should always 
be in a direction at right angles to the length of the defect. 

It should be noted that this method gives the distance between the 
foreign body or defect and the film, which includes object-film distance for 
which allowance must be made in assessing the position of the defect within 
the subject. 


Method 2 


Two small lead markers, preferably wires, are used, one in contact with 
the upper surface of the object and the other on its base, which need not 
be in contact with the film or cassette. The tube-shift in this method is 
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again a few inches but this distance need not be measured accurately. 
References to Figures 2 and 3 will show that the displacement of the 
image of the defect will lie between the displacements of the upper and 
lower markers, i.e. between x, and x,._ If lead wires are used as reference 
markers they should be placed parallel to the major axis of the defect. The 
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POSITIONS POSITIONS 


upPER LoweER 
REFERENCE REFERENCE 
MARKER MARKER 





Figure 2 Figure 3 


tube shift should again be perpendicular to this axis. The position of the 

defect above the lower surface can be determined from a graph in which 

the depth of the defect is plotted against the displacement of its image using 

the displacement of the upper and lower surface marks as reference data. 
In a typical example the following factors were used :— 


Essential data 
Thickness of body. . . . . . . . . . . . 2 inches 
Non-essential data 


Distance between target and upper surface of object 18 inches 
Tube shift . 2. . 2... 1... 1...) 6 inches 
Distance between film and underside of object . . 1 inch 


The displacements of the images of the upper and lower lead markers 
were 1:0 inch and 0°3 inch respectively. On plotting the distance of the 
defect from the lower surface (in inches) against the displacement of the 
image in inches a straight line graph (Figure 4) is obtained from which it 
is seen that an image displacement of 0°8 inch corresponds to a defect 
1-43 inches from the base of the object. 

It is of interest to note that the measurements required in this method 
are those on the radiograph and the thickness of the object; consequently 
no great care is required in setting up the apparatus as long as the vertical 
distance between the tube and the plane of the film is constant and the 
displacement of the tube is relatively small compared with the tube-film 
distance. 
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Method 3 


A somewhat similar method makes use of a localiser having holes at 
regular intervals which, in the 
double exposure technique, provide 
a reference scale of image displace- Sake 
ment. The method is generally se oeicek 
applicable. FROM LOWER 

As will be seen from Figure 5, ge 
the localiser is of simple construc- ais 
tion, consisting essentially of a metal a os 
plate, containing the regularly DISPLACEMENT OF IMAGE (INCHES) 
spaced holes, supported at a fixed 
angle to the cassette by means of a Figure 4 
suitable frame. 

The localiser is so constructed that the holes are 1, 2, 3, etc.,cm. or inches 
from the base, as illustrated in Figure 6. The furthest hole from the base 
should be at a distance equal to or greater than the thickness of the speci- 
men to be examined. By making the base CA twice the length of AB the 
one localiser provides two ranges according to whether AB or AC is 
considered as the base. 








Figure 5 Figure 6 


In use, the localiser is placed with the base on the cassette with the 
specimen and a double exposure is made with the tube-shift parallel to 
PQ in Figure 5, i.e. at right angles to the line joining the holes. 

The resulting image displacement of the inclusion, blow hole or other 
fault is then compared with the image displacements of the holes in the 
localiser. Clearly the distance of the fault from that part of the object in 
contact with the cassette is equal to that of the hole in the localiser which 
gives the same image displacement. 

When the specimen cannot be in immediate contact with the cassette the 
distance of separation should be deducted from that value given by the 
localiser. 


Accurate localisation 

Owing to the geometric distortion in the radiographic image due to the 
fact that the X-ray beam consists of diverging rays, the actual position of 
the defect relative to nearby landmarks is not immediately obtainable from 
the radiograph. The above methods therefore only define the plane in 
which the defect lies. For accurate localisation in this plane two metal 
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cross-wires may be mounted on the front of the cassette, dividing the front 
into four equal rectangles. The position of the body relative to the cross- 
wires is marked by inking the wires, which are pressed into contact with 
the body in such a way that their intersection is as far as possible just over 
or under the foreign body or defect. 

The tube is then displaced from the intersection parallel to one of the 
cross-wires over a distance equal to half of that of the usual tube-shift 
distance and the first exposure is made. The tube is then displaced 
parallel to the same cross-wire as before so that it is now centred over a 
point on the otherside of the intersection, this point again being distant 
from the intersection by an amount equal to half the usual tube-shift: the 
second exposure is then made. 

The resulting radiograph will ap- 
pear as in Figure 7 where C and D 
represent identical points on the 
two shadows of the same defect. 
As described above, the depth of 
the plane in which the defect lies 
is given by the separation of the 
images CD. Ifthe tube was moved 
parallel to the wire PQ so that A 
and B are the two points over which 
the tube was centred, then the 
intersection of AD and BC will 
give the position of the defect 
relative to the intersection of the 
cross-wires in the plane defined by 
Figure 7 the distance CD. 





References of industrial interest 
W. Watson, Simple Triangulation and Localisation, Radiography, 6, 1940, 
p. 107 (geometry of localisation). 


J. Scott, A Simple Localiser, Radiography, 6, 1940, p. 143 (article on the 
localiser mentioned under Method 3: see also addendum in Radio- 
graphy, 6, 1940, p. 177). 


References of medical interest 

J. F. Brailsford, Simple Radiographic Methods for the Localisation of 
Foreign Bodies, Brit. J. Radiol., 6, 1939, p. 65. 

D. B. McGrigor, Selected Methods of Foreign Body Localisation adaptable 
to Radiology in Wartime, Brit. J. Radiol., 5, 1939, p. 619. 

W. Watson, Simple Triangulation and Localisation, Radiography, 6, 1940, 
p. 107 (geometry of localisation). 


J. Scott, A Simple Localiser, Radiography, 6, 1940, p. 143 (article on the 
localiser mentioned under Method 3: see also addendum in Radio- 
graphy, 6, 1940, p. 177). 
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‘KODAK’ X-RAY FILM SPEEDS 


THE problem of determining speed figures for X-ray films is one of 
considerable complexity, as the effective speed of a material depends on 
a number of factors. In particular, this applies to the quality of the 
X-radiation, which varies with the type of circuit in use, with the kilo- 
voltage, with the inherent and additional filtration of the X-ray beam and 
with the nature of the object being radiographed. 


It is impossible to quote speed figures for each film under all the varied 
conditions met with in practice, and speeds are therefore given for two 
sets of conditions, i.e., those typical of average medical practice and those 
typical of average industrial practice. For films exposed to direct X-radia- 
tion, that is, without fluorescent screens, the relative speeds quoted in 
each group can be taken as correct under most exposure conditions likely 
to be met with in practice, as change in kilovoltage has little effect on the 
relative speed of films to direct X-radiation. However, when using 
fluorescent intensifying screens, the intensifying factor varies appreciably 
with change in kilovoltage, with filtration and from one type of X-ray film to 
another. These facts explain the very high intensifying factors quoted for 
‘Industrex’ Type S film. Accordingly, the intensifying factors of ‘Kodak’ 
fluorescent screens have been separately determined for all those films 
intended for use with such screens under the different exposure conditions 
indicated. Note that the intensifying factor of any screen will be greater 
or smaller than that quoted if the radiation used is harder or softer, respec- 
tively, than that specified overleaf. The intensifying factors quoted in the 
tables have been determined for an exposure time of the order of 1 to 2 
seconds. Because the exposure under these conditions is mainly due to 
the light emitted from the screens, and photographic materials exhibit 
reciprocity failure when exposed to such light, other intensifying factors 
may be found when the exposure time is varied. The exposure time with 
direct X-radiation is immaterial, as photographic materials do not exhibit 
reciprocity failure when exposed to such radiation. 


The figures quoted are obtained from a measure of the photographic 
effect produced by a known quantity of X-rays. They thus form a true 
measure of the relative efficiencies of the various materials available and 
are not subject to the introduction of errors as are figures determined by 
a method based on comparison with a “control” film. 


Development is an important factor affecting the speed figures obtained. 
In all cases the relative speed figures quoted are based on the assumption 
that the film will be developed in a tank with intermittent agitation 
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(thorough but brief agitation at one minute intervals) for 5 minutes in 
D.19b ‘Kodak’ Developer (undiluted) or 4 minutes in ‘Kodak’ DX.80 
Developer (made up as recommended) at 68° F (20° C). 


While practical results may show some deviations from the relationships 
quoted, these speed figures will prove of value in calculating exposure 
times when changing from one type of film to another, or when new 
products are introduced. 


Films for industrial radiography 

The speed determinations for industrial films were made with direct 
X-radiation generated at 80 kVp and filtered by the inherent tube filtration 
and 0°2 mm of copper. The intensifying factor was determined with 
X-radiation generated at 100 kVp with the inherent tube filtration and a 
filter of 5 mm of copper, representing the effect of the specimen. The 
relative speeds are as follows :— 


Intensifying factors of ‘Kodak’ Fluorescent Screens 


Relative Speed to 


X-ray Film Direct X-rays 


Ultra-Speed High-Definition 


‘Kodirex’. 2. . 55 
‘Industrex’ TypeD. . 27 
‘Industrex’ TypeS. . 19 
‘Crystallex’ . . . . I 
‘Industrex’ TypeM. . i) 





Films for medical radiography 

Speed determinations for medical films were made to direct X-rays with 
the inherent tube filtration and a filter of 0°2 mm of copper, representing 
the effect of the specimen. Intensifying factors were determined with 
X-radiation generated at 60 kVp with the inherent tube filtration and a 
filter of 0°2mm copper. The relative speeds are as follows :— 
Intensifying factors of ‘Kodak’ 


Relative Speed to Fluorescent Screens 


Koray, Film Direct X-rays 


Type 80 Ultra-Speed |High-Definition 





‘Kodirex’ . . . . . 55 —_ — _— 
Blue-Brand. . . . . 19 x 60 x 48 x 24 
Standard ! 2 9 x 80 x 64 x 32 








Product names quoted thus—‘Kodak’—are trade marks 
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GENERAL TECHNIQUE 





GN-I 
GN-2 
GN-3 
GN-4 
GN-5 
GN-6 


GN-7 
GN-8 


GN-9 

GN-10 
GN-II 
GN-12 


Copying Photographs and other Illustrations. 

Copying Radiographs and other Transparencies. 

Making Simple Titles and Diagrams for Films and Film-Strips. 
Making Lantern Slides and Film-Strips. 

Photography in the Tropics. 

Making Monochrome Negatives from 35 mm Colour 
Transparencies. 

Methods of Increasing Emulsion Speed. 


Cementing of Colour or Monochrome Miniature Transparencies 
to Glass. 


The Kodak Tone-Line Process. 
Reciprocity Failure. 

Negative Quality. 
Underwater Photography. 
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LEAD INTENSIFYING SCREENS 


Leap intensifying screens are widely used in industrial radiography 
because they minimize the effects of scattered radiation on the image, and 
can simultaneously intensify without adding to the radiographic unsharp- 
ness. This latter feature is of particular value in radiography with 
high-voltage X-rays and short-wave gamma-rays, in conjunction with 
fine-grain, high-contrast, direct-type X-ray films. 


Lead screens in contact with the film during exposure have two principal 
effects. Firstly, they intensify the X-ray image on the film, mainly by 
the emission of electrons from the lead under X-ray excitation and, to a 
smaller extent, by the emission of secondary X-rays. Since the intensifi- 
cation is greater the shorter the wave-length of the radiation, it follows 
that this differential intensification results in the initial primary beam 
being intensified more than the longer wave-length radiation, some of 
which is scattered radiation. In addition, lead screens provide differen- 
tial filtration, the longer wave-length scattered radiation being absorbed 
more readily than the shorter wave-length primary X-rays which have 
passed through the object and are, therefore, true image-forming rays. 
The reduction in the effect of scattered radiation on the image results in 
greater contrast and clarity in the radiographic image. This reduction in 
the scattered radiation decreases the total intensity of the radiation 
reaching the film and, in addition, the absorption of the front lead screen 
also diminishes the total amount of radiation reaching the film. For these 
reasons, no intensifying effect is observed unless the X-radiation is 
generated above 120-140kV. At about 250-30kVcp, the intensifying effect 
of the lead screens can be most marked, reducing the exposure required to 
between one-third and one-quarter of that without screens. With gamma- 
rays and million or multi-million volt X-rays, the intensification produced 
by lead screens may reduce the exposure required to approximately 
one-third. If the incident radiation is not sufficiently penetrating, i.e., 
below 120kV, absorption may more than counterbalance the intensification, 
and the exposure required will be even greater than without screens. Often, 
however, this increase in exposure can be justified as the absorption of 
scattered radiation produces a much clearer radiographic image. 


The intensification from lead screens depends upon the film, the kilo- 
voltage, and the thickness and kind of metal through which the rays have 
passed; additionally, the type of circuit used in the X-ray unit will have 
an effect. 


Lead screens are particularly valuable in reducing the scatter which 
undercuts the object when primary rays strike the portions of the film 
holder or cassette outside the area covered by the object. In practice the 
lead-screen technique may be applied to advantage in the radiography of 
thick light-alloy components which produce serious scatter owing to their 
complex shape, despite the fact that the kilovoltage may be too low to 
produce any intensification. 
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Sometimes, with salt-intensifying-screen exposures, a lead screen 0-004 
or 0-006 inch thick is used as a filter. When placed between the front of 
the cassette and the front salt intensifying screen, such a filter helps to 
reduce scattered radiation, without any serious loss of speed. 


Since lead screens are radiographically grainless, the advantages men- 
tioned above are obtained without any appreciable loss in definition, 
provided that the screens are held in close and uniform contact with the 
film during the exposure. This feature, and the others already mentioned, 
render the lead-screen technique ideal for the radiography of heavy-metal 
specimens, particularly where very fine defects such as cracks must be 
detected. 


‘Kodak’ Lead Intensifying Screens are usually supplied and used as a 
pair in the same way as calcium tungstate (salt or fluorescent) intensifying 
screens. They are made of a lead alloy less susceptible than pure lead 
to abrasion of the surface. The lead foil is securely mounted on good- 
quality card to facilitate handling and to provide protection against 
wrinkling and tearing of the foil. The lead foil of the front screen is 
approximately 0-004 inch thick, while that of the back screen is ap- 
proximately 0-006 inch thick. These figures apply only to the lead foil 
and do not include the thin card on which it is mounted. For gamma- 
rays and million or multi-million volt X-rays, thicker screens may be 
desirable and for this purpose ‘Kodak’ lead screens 0:010 inch thick are 
available to special order. Additionally, pairs of 0-002 inch thick ‘Kodak’ 
lead screens are available to special order for work with X-rays generated at 
below 120kV. 


It should be noted that very deep scratches on the lead will show on the 
X-ray film. Accumulations of dust, grease, and fluff, are also detrimental 
to a good image and should be avoided. Recommendations for cleaning 
are given in the instructions packed with the screens. 


For maximum contrast and highest speed, lead intensifying screens 
should be used with “‘non-screen” or direct-type X-ray films. 


Recommended film for use with lead screens 


Kodak ‘Microtex’ and ‘Crystallex’ X-ray Films for very fine detail 
work. Their high contrast and fine grain make these films ideal for 
gamma-radiography and for use with X-rays of 1MeV and above. 
‘Microtex’ gives a finer grain result than ‘Crystallex’, and is slower. 
These films are recommended for all lead-screen exposures in 
which the finest details must be revealed (see Data Sheets FM-25 
and 28). 

Kodak ‘Industrex’ X-ray Film, Type D, for high contrast, combined 
with medium grain (see Data Sheet FM-27). 

‘Kodirex’ X-ray Film for the fastest exposures with lead screens. High 
contrast, and a speed at least twice that of ‘Industrex’ X-ray Film, 
Type D (see Data Sheet FM-17). 


Kodak, Crystallex, Industrex, Microtex, and Kodirex are trade marks 
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THE STORAGE OF X-RAY FILMS 
AND RADIOGRAPHS 


ALL ‘Kodak’ X-ray films are now made from safety film base. Their 
storage, whether as unexposed films or as processed radiographs, presents 
no greater a fire hazard than an equivalent quantity of paper records. 

Radiographs on cellulose nitrate base which do present a serious fire 
risk may still be held in old files; the storage of these films demands 
special precautions, and Kodak Limited will gladly give advice on 
application. As a guide in deciding whether any old radiographs are on 
safety or nitrate base, it should be noted that all ‘Kodak’ X-ray films 
manufactured after December 1940, are on safety base. 


X-ray films 


X-ray films, like all other sensitized materials, slowly deteriorate 
in quality. The first sign of such fall in quality is shown as a higher 
chemical fog. Accordingly, the stock of film should be kept at a 
minimum, dependent on the ease with which fresh stock is obtainable. 
This minimum stock should be such as to withstand any sudden demand, 
as well as possible delay in delivery beyond the control of the distributor. 

The date of receipt of all X-ray films should be recorded by the store 
personnel and the withdrawing system should ensure that the oldest 
materials are issued first. Tests should always be made prior to the use 
of out-dated material or material suspect through knowledge of previous 
storage conditions. 

Unless controlled storage conditions of the type described below are 
available it is recommended that the stock should not exceed six months’ 
supply. When it is required to store unexposed films for a longer period 
than this, it is recommended that in addition to the precautions mentioned 
below, they should be kept at a temperature of 50°F (10°C) in an atmos- 
phere of which the relative humidity is within the range 40-60 per cent. 

To avoid possible pressure marks on the films, due to folds in the packing 
materials, they should be stored in their boxes standing on edge so that 
they are side by side and not stacked horizontally one on top of another. 

X-ray films should obviously be stored at as great a distance as 
possible from any source of X-rays or gamma rays and if necessary ade- 
quately protected by a suitable thickness of lead or other absorbent material. 

All films should be stored in a cool, dry place away from any possibility 
of exposure to all harmful gases such as formaldehyde, hydrogen sulphide, 
sulphur dioxide, ammonia, coal gas, industrial gases, motor exhausts, 
mercury vapour and vapours of solvents and cleaners. 

Radiographs 

The images of radiographs may be considered to be reasonably perman- 
ent provided that both fixing and washing are carried out thoroughly as 
recommended by the manufacturers. As previously stated all ‘Kodak’ 


X-ray films are now made from safety film base and fire security need be 
no greater than that with paper records. 
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When radiographs are to be kept for any appreciable length of time it 
is necessary that their fixing and washing be carried out thoroughly. Full 
details are given on pages 7 and 8 of Data Sheet XR-6, and in the Data 
Sheets describing individual X-ray films. 

The room or store in which radiographs are kept should ideally be cool, 
dry and well ventilated. These ideal conditions are represented by a 
temperature of 60°-80°F (15°-27°C) and a relative humidity of 40-50 per 
cent. From the financial standpoint however, this would be unneces- 
sarily ambitious unless the radiographs were regarded as rare examples of 
diseases in medical radiography or faults in industrial radiography, or 
unless there was other good reason for the keeping of radiographs for a 
protracted period. In such cases, as with unprocessed X-ray films, 
contact must be avoided with all harmful gases such as formaldehyde, 
hydrogen sulphide, sulphur dioxide, ammonia, coal gas, industrial gases, 
motor exhausts, mercury vapour and vapours of solvents and cleaners. 
When planning an archival store of this nature, provision should be made 
for all incoming air to be filtered before being passed in. 

In the vast majority of cases, the maintenance of the conditions described 
in the preceding paragraph will be impossible or undesirable and they 
should be relaxed according to the estimated length of time for which the 
radiographs concerned are required to be kept. The temperature should 
be kept below 80°F (27°C); its constancy is more to be considered than 
its actual level. Relative humidities of 25-60 per cent are permissible. 

Radiographs should be filed as soon as possible in manilla envelopes, 
either singly or by case grouping, and the system should be such as to 
ensure that negatives of short-term interest can be removed periodically. 
For ease of reference, radiographs of special cases might be kept separately 
or, if in the same filing cabinet, might be distinguished by envelopes of 
special colour; for example, films concerning unusual cases might be kept 
in green envelopes, those of medico-legal value in red ones, films of 
progressive serial examinations in blue packets, and films of short-term 
interest only, in white envelopes. An alternative method of marking 
these envelopes is the use of a coloured strip of paper pasted over the edges 
at one corner; this is a rather more flexible system than the first. For 
instance, the progressive serial films concerning a case of unusual medical 
interest would be contained in an envelope having both a green and a blue 
band across the corner. 

For ease in finding any particular radiograph, two card indices should 
be kept, one showing the patient’s number and corresponding radiographs, 
the other giving the film number and the corresponding patient’s name and 
other particulars. 


Kodak is a trade mark 
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PROCESSING X-RAY FILMS 


To render permanent the effects of X-rays or gamma-rays on the emulsion, 
an X-ray film has to be treated first with a developing solution, which 
renders the image visible, and secondly with a solution which dissolves 
away the unaffected silver halide. It must then be washed in water to 
remove the fixing solution and other by-products, and finally dried. 
Maximum diagnostic value in a radiograph is only attained if every stage 
is carried out properly, but only in development are the conditions to be 
observed very critical, as it is relatively simple—given the proper working 
conditions—to fix, wash and dry the film satisfactorily. 


HANDLING X-RAY FILMS 


Radiographs are _ essentially 
shadowgraphs and frequently the 
shadows are faint and ill-defined. It 
is the radiologist’s task to interpret 
the meaning of these shadows and 
his task is rendered more difficult if 
spurious marks (so-called “‘arti- 
facts’’) are introduced by improper 
handling or processing. Descrip- Figure | 
tions of typical artifacts of this type 
are given in Data Sheet XR-7. 

Non-screen films in envelopes 
(double-wrapped films) should 
remain in the manufacturers’ 
wrapping during exposure: any 
pressure or cockling should be 
carefully avoided. For processing, 
the film should be withdrawn from 
its packet in its paper wrapping, and 
care must be taken to ensure that 
local pressure, e.g., by the finger 
nails, is avoided. 




















Figure 2 


Loading film into cassettes 


Much the same precautions apply 
to folder-wrapped films intended 
for use with intensifying screens, 
but here the film must be removed 
from its wrapper before placing 
between the screens. The folder 
should be retained on the film as 
long as possible and the cassette 
should not be opened until the Figure 3 
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folder and film have been removed from the box (see Figures 1, 2, and 3). 
When unwrapped, the film should be handled by the edges only, care 
being taken to avoid bending or buckling. 

The bigger sheets, in particular, need careful handling, since they 
buckle more readily. Any buckling or bending of the film, even though 
no permanent mark is made on the base, may render the emulsion locally 
less sensitive to X-rays and lead to lighter areas on the image. 

The emulsion surface of the film is easily abraded by particles of grit and 
will record any fingerprints made upon it. Care should be taken to see 
that the screens are free from dust and that any rubbing between the films 
and screen is avoided. It should be confirmed that the front screen is 
placed on the X-ray tube side of the cassette and the back screen on the 
side away from the X-ray tube. 


Loading film into hangers 


When the exposed film is removed from the cassette or envelope, risk 
of damage can be reduced to a minimum by immediately placing the 
film into a suitable type of hanger and leaving it in this throughout the 
whole of the processing operations (Figures 4 and 5). There are two 
types of ‘Kodak’ film hanger: the tension clip type and the channel type. 
Films loaded in the tension clip type may be left in the hangers 
during drying. Special precautions therefore are not necessary for 
avoiding damage to the tender wet film at any time during process- 
ing and drying. After processing in channel hangers, films should be 
transferred to ‘Kodak’ Adjustable Film Hanger Bars and further Hanger 
Bars or clips should be attached to the bottom edges of the films to act 
as a weight and to prevent curling. Care should be taken to prevent the 
wet films from touching one another. 
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Figure 4 Figure 5 
Loading a tension-type hanger 
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DARKROOM ILLUMINATION 


X-ray film—like all photographic material—is sensitive to blue light, 
and until the film is processed it must, therefore, be handled in light from 
which the blue rays are missing. ‘Wratten’ safelights remove the blue 
rays while passing the maximum amount of light to which the film is 
insensitive. Where, as is always desirable, the ceiling and walls are 
painted white or a light colour, a general and uniform illumination of the 
room can be obtained by using a ‘Wratten’ 6BR safelight filter in a Universal 
Safelight lamp, a ‘Kodapan’ Safelight lamp or a Beehive Safelight lamp, 
any of which should be arranged for indirect lighting. For direct lighting, 
the ‘Wratten’ No. 6B safelight filter should be used in a Beehive Safelight 
lamp. In general, indirect lighting is to be preferred, as it allows a higher 
level of general illumination in the darkroom, making for greater ease 
in working. 

Unwrapped films should not be brought within 4 feet of the Beehive 
Safelight lamp, but at that distance the films may be exposed to the light 
for the normal handling time with complete safety. The non-screen type 
of film may be exposed for somewhat longer than the screen type of film 
without risk of fogging. 

To test the safety of the darkroom illumination, place a piece of film in 
the normal position of working, covering a narrow strip along one edge 
with a piece of opaque cardboard or other masking material of at least the 
same size as the film. Expose the remainder to the darkroom lighting for 
one minute and then move the mask across a further inch or so of the film, 
Keeping the original strip unexposed. Expose the remainder for another 
minute. Cover a further strip and expose again, this time for one minute, 
and move the mask along again. Expose the rest of the film for a further 
minute. The steps will now have been exposed for 1, 2, 3, and 4 minutes 
respectively. Subsequent development, which should be for the full 
recommended time, will reveal, by comparison of the exposed and un- 
exposed portions, the time for which the film can safely be exposed to the 
prevailing lighting without risk of fogging. 


DEVELOPMENT 


An X-ray film consists of a transparent flexible safety support both sides 
of which are coated with an emulsion of silver halide suspended in gelatin, 
the silver halide being distributed throughout the emulsion as minute 
crystals. Exposure to X-rays or light alters these crystals in such a way as 
to produce a latent image. 

When the film is placed in a developer solution the unexposed crystals 
are not affected, but the developer acts on the exposed crystals, freeing the 
silver from the compound and depositing it as tiny metallic grains of silver 
which form the black silver image. 

All X-ray developers contain four essential constituents in solution :— 

(1) The developing agents—which converts the silver halide grains 

affected by the exposure to black metallic silver. 

(2) The accelerator—an alkali, without which the developing agent will 

not function. 

(3) The preservative (usually sodium sulphite)—which prevents the 
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developing agent from being oxidized by air and so losing its 
developing properties. 

(4) The restrainer (potassium bromide)—which controls the activity 
of the developer and ensures that it reduces only the exposed silver 
halide grains. 


je 





Figure 6—‘KODAK’ X-RAY PROCESSING UNIT 


The ‘Kodak’ X-ray processing unit provides a self-contained installation for 
the developing, fixing and washing of X-ray films up to 14 x 17 in. in size 


In addition to these main constituents, X-ray developers often contain 
small quantities of other substances added for special purposes, which need 
not be considered in this brief account. 


Method of development 


X-ray films are almost universally developed in deep tanks in which the 
films are suspended by hangers. Tank development enables a number of 
radiographs to be developed simultaneously and simplifies the problem of 
giving each a standardized treatment. 

Although a large number of films may be developed in a tank of solution, 
every film that passes through it uses up some of the active chemicals and 
at the same time leaves behind soluble bromides, which in time will 
noticeably retard development. As each film leaves the developer it 
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carries a little liquid with it and the level in the tank gradually falls. If, 
however, the tank is “topped up” at appropriate intervals with a re- 
plenisher solution, the activity of the developer is maintained, for the 
replenisher is so compounded that it replaces the chemicals which are 
used up and compensates for the restraining action of the bromides 
liberated from the film. Such practices as topping up with water, leaving 
films to develop longer in exhausted developers or raising the developer 
temperature to compensate for exhaustion are wrong, principally because 
the quality of the resulting radiograph is bound to be inferior to that 
attainable with proper technique, and secondly because, operating as 
they do against standardized developing conditions, they are false economy 
in time and cost. An X-ray developer is a complex solution in which a 
number of chemical forces must be carefully matched and balanced. 
Therefore, it is never wise to attempt to modify formulae which have been 
devised after many careful tests supplemented by much practical experi- 
ence. Two developers are recommended—‘Kodak’ D-19b developer, 
and its replenisher D-19bR, which are available as ‘Kodak’ Packed 
Developer Powders or may be made up according to the formulae, and 
‘Kodak’ DX-80 developer, and its replenisher DX-80R, both of which 
are available as concentrated solutions. 


Time and temperature of development 


Standardised X-ray processing can be simply attained by maintaining 
both the time and the temperature of development uniform, and by the 
use of the recommended intermittent agitation. 

As development proceeds, the difference between the darkest and 
lightest regions on the radiograph, i.e., its contrast, gradually increases to 
a maximum. ‘Kodak’ X-ray films are, in general, designed to give the 
optimum result when developed in ‘Kodak’ D-19b developer (undiluted) 
for 5 minutes or in ‘Kodak’ DX-80 developer (made up as recommended) 
for 4 minutes at 68°F (20°C) with intermittent agitation. For some films 
under certain conditions, longer development is advantageous; further 
details are given in the Data Sheets dealing with these materials. 

The correct exposure might be defined as that which produces an ideal 
radiograph when the film is processed under the conditions recommended. 
As so many variable factors are concerned in making a radiograph, it is 
helpful if as many factors as possible are fixed. Accordingly, it is recom- 
mended that the development conditions be kept constant, so that any 
deviations in the quality of the radiograph must be due to other factors. 
Such constant developing conditions form the basis for the standardization 
of exposure conditions and the setting up of an exposure chart. 

In medical radiographs the desired contrast can easily be altered by 
increasing or decreasing the kilovoltage on the X-ray tube within the limits 
set by the remaining exposure conditions (time, distance, and mA): but in 
industrial radiography it often occurs that the contrast rendered in the 
radiograph cannot be decreased by higher kilovoltage, as the limit of 
kilovoltage of the particular X-ray unit has been reached. In such 
circumstances the contrast may be reduced by the use of blocking media 
or filters or by using a lower contrast film. 
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Generally speaking, it is essential to realize that nothing is to be gained 
by “‘ juggling ” with the development conditions in an attempt to correct 
for faulty exposure technique in the ordinary run of work and that once 
the conditions have been decided upon they should be adhered to for all 
subsequent work. Only by standardizing in this way can an efficient 
check be kept on the accuracy of the X-ray exposures. 


It is not always convenient to maintain the darkroom at a uniform 
temperature and accordingly it is usual to control the temperature of the 
developing tank by means of a water jacket. Although it is a comparatively 
simple matter to raise the temperature of this jacket in cold weather by 
an immersion heater or equivalent means, in hot weather it may be 
impracticable to keep the developer temperature as low as the recom- 
mended level of 68°F (20°C). It is then permissible to compensate for 
a higher working temperature by reducing the development time in 
accordance with the values given in the time-temperature curve below. 
If the temperature of the developer is much above 70°F (21°C) the 
emulsion on the film may become so swollen and tender that it is easily 
damaged or it may wrinkle up into a fine network of lines (“‘reticulation’’). 
At still higher temperatures the emulsion will melt and leave the safety 
base support. Ifthe temperature of the developer is above 75° F (21° C), 
reference should be made to Data Sheet XR-8, Tropical Processing of 
‘Kodak’ X-ray Films. Recommendations will there be found for the 
temperature range 75°-90°F (24°-32°C). 

The ‘Kodak’ X-ray Processing Unit (Figure 6) has a thermostatically 
controlled water jacket round the processing tanks, thus ensuring uniform 
processing temperatures. 


Time-temperature curves 





Temperature (°F) 


1S 20 30 40 
Time of Development (minutes) 


The developing times at various temperatures corresponding to 4 and 
5 minutes at 68°F are shown. Corresponding curves for other develop- 
ment times at 68°F can be drawn parallel to those shown. Best results 
are obtained between 65° and 70°F and development should not be 
carried out above 75°F without special precautions (see Data Sheet 
XR-8). 
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Uniformity of development 


If an exposed film is suspended in a still tank of developer and left 
undisturbed throughout the whole of the development period (unfortun- 
ately a frequent occurrence in some darkrooms) the resulting radiograph 
may show so-called “flow marks”, which are particularly obvious below 
very dense areas. ‘These flow marks are seldom seen in medical radio- 
graphs, where high densities are rare, but they may appear in industrial 
radiographs containing adjacent areas of very high and low density. (See 
Data Sheet XR-7.) 

When the films are first immersed they should be vigorously agitated 
up and down for a few seconds. (With some types of channel hangers, 
vigorous lateral movements of the film should be avoided or the film may 
escape from the hanger.) Thereafter, this brief agitation should be 
repeated after maximum intervals of one minute until development is 
complete. If such frequent agitation is impracticable a mechanical 
stirrer or, alternatively, a suitable type of circulation pump (made of 
materials such as stainless steel, wrought iron, or nickel, which are not 
attacked by the developer) should be used to keep the developer in motion. 

The degree of agitation affects the rate of development and once a 
satisfactory procedure has been devised it should be adhered to. Obvi- 
ously, if any of these methods are to be of value the developer must be free 
from sediment, and dirt particles must not find their way into the tank to 
be driven by the stirring system on to the surface of the emulsion. 


STOP BATH OR RINSE 


Before the film is transferred to the fixing bath it should be drained over 
the developing tank and then rinsed in a solution of ‘Kodak’ Liquid Stop 
Bath with Indicator, or individually in a spray rinse. Rinsing may also 
be carried out in an acid stop bath, such as a solution made up to Kodak 
formula SB-1 (for formula see Data Sheet FY-4), but the stop bath must 
be renewed periodically in accordance with the number and size of films 
to be rinsed. The ‘Kodak’ X-ray Processing Unit is fitted with a rinse 
compartment between the developing and fixing tanks. 


FIXING 


After development is completed, the undeveloped silver halide crystals 
remaining in the emulsion must be removed in order to prevent them from 
darkening as a result of light action and so obscuring the image. Fixing is 
accomplished by immersing the film in a solution of sodium thiosulphate, 
or “hypo”, which forms a soluble compound with the silver halide, and 
leaves the silver image practically unaffected. 

Besides the hypo, a good X-ray fixing bath contains an acid, such as 
acetic acid, a preservative such as sodium sulphite, and a hardening agent, 
such as potassium alum. The acid is added to neutralize the alkali in the 
developer carried over in the emulsion. The sodium sulphite is necessary 
to prevent the hypo from being decomposed by the acid. The alum is 
added to harden the gelatine of the emulsion in order to prevent softening 
in the wash water or when drying by heat. The hardened film is not only 
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mechanically stronger but dries more quickly than films fixed in hypo 
alone. 

As the fixing bath exhausts, the developer carried in by the film gradually 
neutralizes the acid and may even produce a sludge of aluminium sulphite, 
which renders the bath useless. ‘Kodak’ X-ray Fixer Powder or ‘Kodak’ 
X-ray Rapid Acid Fixer is recommended as most convenient and 
efficient, and no sludge is produced when either of these fixing salts, 
obtainable as packed chemicals, is used as directed. The use of ‘Kodak’ 
X-ray Liquid Fixer FX-40 is recommended when radiographs are required 
very quickly; this may be used only to clear the film which may be 
refixed subsequently if it is required to be kept. Radiographers who 
prefer to make up their own fixing baths should use Kodak formula 
F-54a or F-53 (for formula see Data Sheet FY-4.) 


Time of fixing 

In use, the fixing bath dissolves the undeveloped silver halide grains, 
and the milky appearance of the film gradually disappears. The preferred 
practice is to use two successive fixing baths. The film should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given, in the second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. Ifa single fixing bath is used 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 5 minutes; then, when using 
the two-bath method the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both baths 
should be discarded. 


WASHING 


After all the undeveloped silver bromide has been removed the emulsion 
is still saturated with the chemicals of the fixing bath. If the hypo were 
allowed to remain, it would slowly decompose and attack the image, 
causing it to become discoloured and faded. To prevent this, the hypo 
must be removed by washing. 

For moderate-term storage requirements—up to approximately 10 years 
—the radiograph should be washed for 10 minutes at not less than 50°F 
(10°C), in running water which is being changed at a minimum rate of 
4 changes per hour. Under the same conditions, radiographs which are 
required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; in these 
circumstances only a brief rinse may be adequate. Full details of recom- 
mendations necessary to ensure permanence may be found in Data Sheet 
XR-5. 

The risk of drying marks may be obviated, and drying hastened, 
by rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, 
in the dilution recommended. 
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DRYING 


Drying has an important bearing on the quality of the finished radio- 
graph. It should be done without causing any mechanical damage to the 
emulsion or marks from uneven drying, and without exposing the moist 
emulsion to dust or lint which, once attached, is practically impossible to 
remove. 

The film should be hung up to dry in a dust-free atmosphere. Until 
it is entirely dry, nothing must touch the emulsion surface. When it is 
wet, or even damp, the surface is delicate and easily marked. After 
drying has started, the film should not be moved or shaken, since water 
drops shaken from the film hanger on to the partly dry emulsion are 
almost certain to cause drying marks. Heat can be used to hasten drying 
when there is provision for a rapid flow of clean air across the emulsion 
surface, as in the ‘Kodak’ Drying Cabinets. 

Where films are removed from hangers for drying and are hung up 
from the corners or from one end—a common practice—sufficient room 
must be left between them to avoid any risk of the films touching each 
other as a result of the inevitable curling which takes place during this 
method of drying. The use of ‘Kodak’ Adjustable Film Hanger Bars is 
recommended under these circumstances. 


CLEANING DEVELOPER HANGERS AND TANKS 


The quality of the result depends so much on the cleanliness of the 
work that the following cleaning formulae for hangers and tanks should be 
noted. 

For hangers and clips use a solution of 5 fluid ounces (60 cc) of glacial 
acetic acid in sufficient water to make 80 ounces (1000 cc) of solution. 
Soak the articles in this for one hour and scrub in clean water. 

Deep tanks should be scrubbed thoroughly with clean water, preferably 
by means of a double-sided brush, which should be reserved for this 
purpose. It is advisable to sterilize the developer tanks occasionally, 
especially during warm weather, in order to prevent bacterial growth. 
Bacteria may cause sulphite to change to sulphide, which will then fog 
undeveloped film. Stone tanks can be sterilized by scrubbing the sides 
and bottom with a paste of bleaching powder (chloride of lime) made by 
mixing the dry solid with water. Proprietary chlorine bleaching solutions 
may also be used. The tanks may also be cleansed with a solution of 
sodium hypochlorite, which can be easily purchased, or prepared by 
adding a 10 per cent solution of sodium carbonate to a 4 per cent solution 
of bleaching powder until no more precipitate forms. The mixture is 
allowed to settle and the clear solution of sodium hypochlorite is decanted 
from the sediment. Tanks which have been sterilized must be thoroughly 
washed before use. 

This Data Sheet does no more than summarize what is believed to be 
the best procedure at each stage and, if fuller information is required on 
any of the photographic aspects of radiography, enquiry should be made 
of the Industrial Sales Division or the Medical Sales Division, Kodak 
Limited, Kingsway, London, W.C.2. 


The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODAPAN 

INDUSTREX 
PHOTO-FLO 
ELON 
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PROCESSING X-RAY FILMS 


AN X-ray film consists of a transparent flexible safety support both sides 
of which are coated with an emulsion of silver halide (e.g., bromide or 
iodide) suspended in gelatine, the silver halide being distributed through- 
out the emulsion as minute crystals. Exposure to X-rays or light alters 
these crystals in such a way as to produce a latent (i.e., invisible) image. 
As with conventional monochrome negative processing, to render 
permanent the effects of X-rays, gamma-rays or light on the X-ray 
emulsion, an X-ray film has to be treated first with a developing solution 
which renders the latent image visible, and secondly, with a solution which 
dissolves away the unaffected silver halide. It must then be washed in 
water to remove the fixing solution and other by-products, and finally 
dried. Maximum diagnostic value in a radiograph is only attained if 
every stage is carried out properly, but only in development are the 
conditions to be observed very critical; it is relatively simple—given the 
proper working conditions—to fix, wash, and dry the film satisfactorily. 


DARKROOM ILLUMINATION 


X-ray film—like all photographic material—is sensitive to blue light, 
and until the film is processed it must, therefore, be handled in light from 
which the blue rays are missing. ‘Wratten’ safelights remove the blue 
rays while passing the maximum amount of light to which the film is 
insensitive. Where, as is always desirable, the ceiling and walls are 
painted white or a light colour, a general and uniform illumination of the 
room can be obtained by using a ‘Wratten’ 6BR safelight filter in a Universal 
Safelamp, a ‘Kodapan’ Safelamp or a Beehive Safelamp, any of 
which should be arranged for indirect lighting. For direct lighting, 
the ‘Wratten’ No. 6B safelight filter should be used in a Beehive Safelight 
lamp. In general, indirect lighting is to be preferred, as it allows a higher 
level of general illumination in the darkroom, making for greater ease 
in working. 

Unwrapped films should not be brought within 4 feet of the Beehive 
Safelight lamp, but at that distance the films may be exposed to the light 
for the normal handling time with complete safety. The non-screen type 
of film may be exposed for somewhat longer than the screen type of film 
without risk of fogging. 


Safelighting test 

X-ray film which bears a latent image may be more sensitive to darkroom 
illumination than unexposed film. Therefore, any safelight test should 
show the effects of the safelighting, both before and after the main X-ray 
exposure, and the times for which the material can be exposed to the 
safelight without risk. The following test procedure precludes the use of 
any form of darkroom illumination except where it is required as part of 
the test. The film must therefore be handled in total darkness when 
loading and unloading the cassette, and during the processing. 

The test requires two pieces of film to be used; a full sheet of 
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8x 10 inch film cut in half to form two pieces 5 x 8 inches, is ideal. 

The first piece of film is used to determine the permissible level of 
safelighting before the main exposure is made. The film may conveniently 
be loaded into a cassette, and placed at the required working distance 
from the safelamp. One half of the film area (say 4x5 inches) is com- 
pletely covered with an opaque mask. The safelight is switched on for 2 
minutes allowing the remainder of the film to receive a uniform exposure. 
The safelight is switched off and a second opaque mask is used to cover a 
l-inch strip of the exposed film. The film is again exposed to the safe- 
lighting for a further 2 minutes and the mask advanced to cover a further 
l-inch strip. This procedure is repeated until a series of stepped ex- 
posures has been made having five exposure increments of 2 minutes and 
covering an exposure range of from 2 to 10 minutes. 

Of greater practical significance is the safelighting test carried out with 
the second piece of film; this provides a check on the permissible level of 
safelighting after the main exposure. The film is loaded into the cassette 
as before, and an overall X-ray flash exposure is made. The film is then 
placed at the required distance from the safelamp and one half of it covered 
with an opaque mask. The remainder of the film is given a similar 
stepped exposure to the safelight, as described above. 

When both pieces of film have been processed they should be examined 
closely to see which of the five test areas on each merges indistinguishably 
into the area of the film which was not exposed to safelighting, and which 
area shows an increase in density. This indicates how long the material 
can be subjected to the safelight illumination without producing an increase 
in density. If this time is not appreciably more than the usual handling 
time for the material, the intensity of the safelight illumination should be 
reduced, for example, by moving the safelamp to a greater distance from 
the working surface. 


DEVELOPERS 


When the film is placed in a developer solution the unexposed crystals 
are not affected, but the developer acts on the exposed crystals, freeing the 
silver from the compound and depositing it as tiny metallic grains of 
silver which form the black silver image. 

All X-ray developers contain four essential constituents in solution: 
| The developing agents (e.g., ‘Elon’, hydroquinone, or ‘Phenidone’)— 
which convert the silver halide grains affected by the exposure to black 
metallic silver. 

2 The accelerator (usually sodium hydroxide or sodium carbonate)— 
an alkali which makes the developing agent function more efficiently. 

3 The preservative (usually sodium sulphite) which retards the rate of 
aerial oxidation of the developing agents, and stabilizes their oxidation 
products, thus minimizing the loss in developing properties. 

4 The restrainer (usually potassium bromide)—which ensures that the 
developer reduces only the exposed silver halide grains, i.e., it prevents 
chemical fog. 

In addition to these main constituents, X-ray developers often contain 
small quantities of other substances—such as sequestering agents—added 
for special purposes, which need not be considered in this brief account. 
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METHODS OF PROCESSING 


There are two principal methods of processing X-ray films—manual 
and automatic. Manual processing of X-ray film is carried out in deep 
tanks in which the films are suspended by hangers. This method of 
processing enables a number of radiographs to be processed simultan- 
eously and simplifies the problem of giving each a standardized treatment. 
Figure 1 shows the ‘Kodak’ Processing Unit P1 with Wash Unit W1 
which are compact processing units specifically designed for all routine 
manual processing work. 





Figure |. ‘Kodak’ Processing Unit P1 with Wash Unit W1 
The automatic processing of X-ray films has many distinct advantages 
over manual processing, two of which are the great saving in processing 
time and the very high quality which is consistently achieved. The 
Kodak ‘X-Omat’ system of automatic processing is described on page 11. 


Manual processing 


Loading Film into Hangers : When the exposed film is removed from the 
cassette or envelope, risk of damage can be reduced to a minimum by 
immediately placing the film into a suitable type of hanger and leaving it 
in this throughout the whole of the processing operations (Figures 2 and 
3). There are two types of ‘Kodak’ film hanger: the tension-clip type and 
the channel type. Films loaded in the tension hangers may be left in the 
hangers during drying. Special precautions therefore are not necessary 
for avoiding damage to the tender wet film at any time during processing 
and drying. After processing in channel hangers, films should be 
transferred to ‘Kodak’ Adjustable Film Hanger Bars and further Hanger 
Bars or clips should be attached to the bottom edges of the films to act 
as a weight and to prevent curling. Care should be taken to prevent the 
wet films from touching one another. 
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Figure 2 Figure 3 


Loading a tension-type hanger 


Development : Normally a large number of films may be developed in a 
tank of solution and every film that passes through it uses up some of the 
active chemicals. At the same time soluble halides accumulate and, in 
time, these will noticeably retard development. As each film leaves the 
developer, it carries a little liquid with it and the level in the tank gradually 
falls. If, however, the tank is replenished at regular intervals, the activity 
of the developer is maintained; the replenisher is so compounded that it 
replaces the chemicals which are used up and compensates for the re- 
straining action of the bromides liberated from the film. Such practices 
as topping up with water, leaving films to develop longer in exhausted 
developers or raising the developer temperature to compensate for ex- 
haustion are wrong, principally because the quality of the resulting 
radiograph is bound to be inferior to that attainable with proper technique, 
and secondly because, operating as they do against standardized develop- 
ing conditions, they are false economy in time and cost. An X-ray 
developer is a complex solution in which a number of chemical forces 
must be carefully matched and balanced. Therefore, it is never wise to 
attempt to modify formulae which have been devised after many careful 
tests supplemented by much practical experience. Two developers are 
recommended : 


‘Kodak’ DX-80 Developer—supplied as a concentrated liquid. 

‘Kodak’ D-19 Developer—supplied as a packed developer powder or 
made up according to the formula given in Data Sheet FY-2. 
The corresponding replenishers for these developers are: 

‘Kodak’ DX-80R Replenisher—supplied as a concentrated liquid. 

‘Kodak’ D-19R Replenisher—supplied as a packed replenisher powder 
or made up according to the formula given in Data Sheet FY-2. 
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Replenishment : The function of developer replenishment is two-fold: 
! To maintain the developer at the initial state of activity. 
2 To replace the solution lost by transfer or evaporation. 
Two systems of developer replenishment are currently used and these are: 


| Volume (Topping-up) — Replenisher solution is added to the developer 
to make good only the volume of developer lost by transfer and evaporation. 
The main drawback to the use of this system is that it does not take into 
account the changes that take place in the chemical composition of the 
developer. The difference is between, for example, processing a large 
number of radiographs having a high density which will quickly exhaust 
the developer, and processing a similar number of radiographs having a 
low density which will exhaust the developer much more slowly. 

2 Volume related to area— With this system, replenishment is related 
directly to the area of film processed and not to the fall in the level of the 
developer. It is important therefore, that a record is kept of the total 
area of film processed. DX-80R Replenisher (diluted 1+-4) should be 
added to the DX-80 Developer in the tank at the rate of 1 fluid ounce per 
square foot of film processed (approx. 300cc per square metre). However, 
to obtain this replenishment rate, the film should not be drained over the 
tank. If the preferred method of processing is to drain each film, then 
some of the developer may have to be removed from the tank to accommo- 
date the required volume of replenisher. A more convenient method 
giving the same result is to change the dilution of the replenisher, i.e., 
1+3 or 1433. 

Provided that the correct replenishment rate is being used, the developer 
may be used to the extent of at least 100 per cent. replenishment—a total 
volume of replenisher equal to that of the original working-strength 
developer may be added before the solution need be discarded. 


Time and Temperature of Development : Standardized X-ray processing 
can be simply attained by maintaining both the time and the temperature 
of development uniform, and by the use of the recommended intermittent 
agitation. 

As development proceeds, the difference between the darkest and 
lightest regions on the radiograph, i.e., its contrast, gradually increases to 
a maximum. ‘Kodak’ X-ray films are, in general, designed to give the 
optimum result when developed in ‘Kodak’ DX-80 developer for 4 minutes 
or in ‘Kodak’ D-19 Developer (undiluted) for 5 minutes at 20°C (68°F) 
with intermittent agitation. For some films under certain conditions, 
longer development is advantageous; further details are given in the Data 
Sheets dealing with these materials. 


The correct exposure might be defined as that which produces an ideal 
radiograph when the film is processed under the conditions recommended. 
As so many variable factors are concerned in making a radiograph, it is 
helpful if as many factors as possible are fixed. Accordingly, it is recom- 
mended that the development conditions be kept constant, so that any 
deviations in the quality of the radiograph must be due to other factors. 
Such constant developing conditions form the basis for the standardization 
of exposure conditions and the setting up of an exposure chart. 
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In medical radiographs the desired contrast can easily be altered by 
increasing or decreasing the kilovoltage on the X-ray tube within the limits 
set by the remaining exposure conditions (time, distance, and mA): but in 
industrial radiography it often occurs that the contrast rendered in the 
radiograph cannot be decreased by higher kilovoltage, as the limit of 
kilovoltage of the particular X-ray unit has been reached. In such 
circumstances the contrast may be reduced by the use of blocking media 
or filters or by using a lower contrast film. 

Generally speaking, it is essential to realize that nothing is to be gained 
by “‘ juggling ’” with the development conditions in an attempt to correct 
for faulty exposure technique in the ordinary run of work and that once 
the conditions have been decided upon they should be adhered to for all 
subsequent work. Only by standardizing in this way can an efficient 
check be kept on the accuracy of the X-ray exposures. 

It is not always convenient to maintain the darkroom at a uniform 
temperature and accordingly it is usual to control the temperature of the 
developing tank by means of a water jacket. Although it is a comparatively 
simple matter to raise the temperature of this jacket in cold weather by 
an immersion heater or equivalent means, in hot weather it may be 
impracticable to keep the developer temperature as low as the recom- 
mended level of 20°C (68°F). It is then permissible to compensate for 
a higher working temperature by reducing the development time in 
accordance with the values given in the time-temperature curve below. 
If the temperature of the developer is much above 32°C (90°F) the 
emulsion on the film may become so swollen and tender that it is easily 
damaged or it may wrinkle up into a fine network of lines (“‘reticulation”’), 
when transferred into the stop bath or wash, particularly if a non-harden- 
ing fixer has been used. If the temperature of the developer is above 
24°C (75°F), reference should be made to Data Sheet XR-8, Tropical 
Processing of ‘Kodak’ X-ray Films. Recommendations will there be 
found for the temperature range 24°-32°C (75°-90°F). 

The ‘Kodak’ Processing Unit Pl (Figure 1) has a thermostatically 
controlled water jacket round the processing tanks, thus ensuring uniform 
processing temperatures. 


Time-Temperature Curves : The developing times at various temperatures 
corresponding to 4 minutes for DX-80 Developer and 5 minutes for D-19 
Developer at 20°C (68°F) are shown. Development should be between 
18° and 24°C (65° and 75°F) and preferably at 20°C (68°F). Development 
should not be undertaken at above 24°C (75°F) without special pre- 
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cautions (see preceding section), or, owing to the inactivity of the de- 
veloper, below 18°C (65°F). 


Uniformity of Development: If an exposed film is suspended in a still 
tank of developer and left undisturbed throughout the whole of the 
development period (unfortunately a frequent occurrence in some dark- 
rooms) the resulting radiograph will be unevenly developed and may 
show so-called “bromide streamers”, which are particularly obvious 
when adjacent to very dense areas. These bromide streamers are seldom 
seen in medical radiographs, where high densities are rare, but they may 
appear in industrial radiographs containing adjacent areas of very high 
and low densities (see Figures 14 and 15 in Data Sheet XR-7). 

When the films are first immersed in the developer, they should be 
vigorously agitated both vertically and laterally for a few seconds to re- 
move air bubbles (with some types of channel hangers, vigorous lateral 
movements of the film should be avoided or the film may escape from the 
hanger). Thereafter, this brief agitation should be repeated at intervals 
of one minute until development is complete. 

The degree of agitation affects the rate of development and once a 
satisfactory procedure has been devised it should be adhered to. Obvi- 
ously, if any of these methods are to be of value the developer must be free 
from sediment, and dirt particles must not find their way into the tank to 
be driven by the stirring system on to the surface of the emulsion. 


STOP BATH OR RINSE 

Before the film is transferred to the fixing bath it should be rinsed in a 
solution of ‘Kodak’ Liquid Stop Bath with Indicator, or individually in a 
spray rinse. Rinsing may also be carried out in an acid stop bath, such 
as a solution made up to Kodak formula SB-1 (for formula see Data 
Sheet FY-4), but the stop bath must be renewed periodically in accordance 
with the number and size of films to be rinsed. The ‘Kodak’ Processing 
Unit P1 is fitted with a rinse compartment which may be located to suit 
the desired working arrangement (rinsing is carried out using the “‘running 
rinse” principle). 


FIXING 

After development is completed, the undeveloped, but still light- 
sensitive, silver halide crystals remaining in the emulsion must be 
removed in order to prevent them from darkening as a result of light 
action, and so obscuring the image. Fixing is accomplished by immersing 
the film in a solution containing either sodium thiosulphate (hypo) or 
ammonium thiosulphate, both of which form a soluble compound with 
the silver halide. 

The clearing time depends on whether ammonium or sodium thio- 
sulphate is used as the fixing agent and on its concentration—the former 
being more rapid in action. 

Besides the fixing agent, a good X-ray fixing bath contains an acid, such 
as acetic acid, a preservative such as sodium sulphite, and a hardening agent, 
such as potassium alum. The acid is added to neutralize the alkali in the 
developer carried over in the emulsion. The sodium sulphite is necessary 
to prevent the fixer from being decomposed to sulphur by the acid. The 
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alum is added to harden the gelatine of the emulsion in order to prevent soften- 
ing in the wash water or when drying by heat. The hardened film is not 
only mechanically stronger, but dries more quickly than unhardened films. 

To ensure complete fixing and efficient hardening, it is necessary at 
normal temperatures to fix the materials for at least 3 minutes with a 
rapid liquid fixer, or 5 minutes with fixer powders. 

As the fixing bath becomes exhausted—owing to the increasing number 
of films that are fixed in it, the clearing time increases for one or more of 
the following reasons: 


| The developer carried over by the film gradually neutralizes the acid 
and may even produce a sludge of aluminium sulphite, which will, in 
time, render the bath useless. 


2 The reduction in acidity by alkalinity of the developer leads eventually 
to a loss in hardening, and the production of dichroic fog. 


3 The by-product of fixing is the formation of silver complexes, the 
concentration of which determines the life of the fixer. If the concen- 
tration is too high, these silver complexes will not be completely removed 
in washing; they will be retained in the film emulsion and may decompose 
on storage, causing stains on the radiographs. 


4 The concentration of the fixing agent is reduced gradually by: 
(a) stop bath or rinse water transferred into the fixer 
(b) carry-over of fixer solution into the wash. 

The use of ‘Kodak’ FX-40 X-ray Liquid Fixer with ‘Kodak’ HX-40 
X-ray Liquid Hardener is recommended when radiographs are required 
very quickly; this may be used just to clear the film which may be re-fixed 
subsequently if it is required to be kept. To prepare a working-strength 
solution, it is only necessary to dilute the FX-40 fixer 1+4 with water, 
and subsequently to add the HX-40 Hardener to the diluted solution. 

Kodak ‘Unifix’ Powder is an acid hardening fixer available as a packed 
chemical in single-powder form. A working-strength solution of this 
fixer is prepared by dissolving the contents of the pack in an adequate 
quantity of water at a temperature not exceeding 27°C (80°F). 

Radiographers who prefer to make up their own fixing bath should 
use Kodak formula F-5 (see Data Sheet FY-4). 


Time and Temperature of Fixing: The preferred practice is to use two succes- 
sive fixing baths. The film should be cleared of all milkiness in the first 
bath and drained back for 5 seconds. It should then be given, in the fresh 
second fixing bath, the same time as was required in the first, and drained 
back for 5 seconds. Ifa single fixing bath is used the fixing time will be 
twice that needed for clearing. Any fixing bath should be discarded when 
it fails to clear in 5 minutes; then, when using the two-bath method the 
first bath should be replaced with the second bath, and a fresh second 
bath made up. After a total of 5 such changes, both baths should be 
discarded. 

It is desirable to maintain the fixer at approximately the same tempera- 
ture as the developer, preferably within the range 18°-24°C (65°-75°F). 
In the ‘Kodak’ Processing Unit P1 the solutions are, of course, housed 
within a tempered water jacket. 
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WASHING 

After all the undeveloped silver bromide has been removed, the emulsion 
is till saturated with the chemicals of the fixing bath and other by-products 
of processing. If the fixer were allowed to remain, it would slowly 
decompose and attack the image, causing it to become discoloured and 
and faded. To prevent this, the fixer and by-products must be removed 
by washing. 

For moderate-term storage requirements—up to approximately 10 years 
—the radiograph should be washed for 10 minutes at not less than 10°C 
(50°F), in running water which is being changed at a minimum rate of 
4 changes per hour. Under the same conditions, radiographs which are 
required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; in these 
circumstances only a brief rinse may be adequate. Full details of recom- 
mendations necessary to ensure permanence may be found in Data Sheet 
XR-5. 

The risk of drying marks may be obviated, and drying hastened, 
by rinsing for 30 seconds in Kodak ‘Photo-Flo’ solution, at the dilution 
recommended. 


DRYING 

Drying has an important bearing on the quality of the finished radio- 
graph. It should be done without causing any mechanical damage to the 
emulsion or marks from uneven drying, and without exposing the moist 
emulsion to dust or lint which, once attached, is practically impossible to 
remove. 

The film should be hung up to dry in a dust-free atmosphere. Until 
it is entirely dry, nothing must touch the emulsion surface. When it is 
wet, or even damp, the surface is delicate and easily marked. After 
drying has started, the film should not be moved or shaken, since water 
drops shaken from the film hanger on to the partly dry emulsion are 
almost certain to cause drying marks. Heat can be used to hasten drying 
when there is provision for a rapid flow of clean air across the emulsion 
surface, as in the ‘Kodak’ Drying Cabinets. 

Where films are removed from hangers for drying and are hung up 
from the corners or from one end—a common practice—sufficient room 
must be left between them to avoid any risk of the films touching each 
other as a result of the inevitable curling which takes place during this 
method of drying. The use of ‘Kodak’ Adjustable Film Hanger Bars is 
recommended under these circumstances. 


CLEANING DEVELOPER HANGERS AND TANKS 

The quality of the result depends so much on the cleanliness of the 
work that the following cleaning formulae for hangers and tanks should be 
noted. 

For hangers and clips use a solution of 5 fluid ounces (60 cc) of glacial 
acetic acid in sufficient water to make 80 ounces (1000 cc) of solution. 
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Soak the articles in this for one hour and scrub in clean water. 

Deep tanks should be scrubbed thoroughly with clean water, preferably 
by means of a double-sided brush, which should be reserved for this 
purpose. It is advisable to sterilize the developer tanks occasionally, 
especially during warm weather, in order to prevent bacterial growth. 
Bacteria may cause sulphite to change to sulphide, which will then fog 
undeveloped film. Stone tanks can be sterilized by scrubbing the sides 
and bottom with a paste of bleaching powder (chloride of lime) made by 
mixing the dry solid with water. Proprietary chlorine bleaching solutions 
may also be used. The tanks may also be cleansed with a solution of 
sodium hypochlorite, which can be easily purchased, or prepared by 
adding a 10 per cent solution of sodium carbonate to a 4 per cent solution 
of bleaching powder until no more precipitate forms. The mixture is 
allowed to settle and the clear solution of sodium hypochlorite to be used is 
decanted from the sediment. Tanks which have been sterilized must be 
thoroughly washed before use. 





Figure 4, Kodak ‘X-Omat’ Processor, Model M3 
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AUTOMATIC PROCESSING WITH THE KODAK ‘X-OMAT’ SYSTEM 


Using this system the radiograph is processed and dried automatically, 
ready for inspection and interpretation in only 7 or 8 minutes. 

Several models of the ‘X-Omat’ Processor are currently available 
which will process sheet and roll film up to a maximum width of 17 inches, 
and in any length, at various rates of travel. An illustration of Model M3 
is shown in Figure 4. 

Film hangers are not required, as once the film is removed from its 
cassette and fed into the processor on a film-feeding tray, it is conveyed 
through the processor by a system of rollers. These are arranged to pass 
the film through developer, fixer, wash, and drier sections completely 
automatically. The rollers are mounted in racks which are immersed in 
deep tanks of solutions; re-circulation pumps together with the rotation 
of the rollers produce vigorous and uniform agitation. Development and 
replenishment is automatically undertaken using the chemicals which 
have been specifically designed for use with the ‘X-Omat’ system. These 
factors, together with the relatively high temperatures used in ‘X-Omat’ 
processing, account for the extremely short processing time, the reduction 
in wastage owing to film damage, and the very high quality that is con- 
sistently achieved. 


SILVER RECOVERY AND FIXER REGENERATION 


Manual processing 

An exhausted X-ray fixing bath may contain approximately 1 to 1} 
troy ounces of silver per gallon (6 to 10 grammes per litre), depending 
upon the maximum clearing time that can be tolerated. The high price 
of silver makes its recovery worth while. However, apart from the 
economic reason, the silver content of the fixer should be kept at a mini- 
mum to give permanence to the radiographs on storage. 

The useful life of the fixing bath may be extended by the practice of 
fixer regeneration—full details of this and methods of silver recovery are 
given in Data Sheet PR-9. 


Automatic processing 

The fixing section in the ‘X-Omat’ Processors employs a fixer and 
replenisher system, the spent fixer running to waste. Therefore, fixer 
regeneration is not employed and a destructive method of silver recovery, 
such as the steel-wool method, is favoured, as it is undesirable to re-use the 
fixer. For further details see Data Sheet PR-9. 


This Data Sheet does no more than summarize what is believed to be 
the best procedure at each stage and, if fuller information is required on 
any of the photographic aspects of radiography, enquiry should be made 
of the Industrial/Professional Sales Division or the Medical Sales Division, 
Kodak Limited, Kingsway, London, W.C.2. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODAPAN 

INDUSTREX 
PHOTO-FLO 

ELON 

X-OMAT 
UNIFIX 
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TROPICAL PROCESSING 
OF ‘KODAK’ X-RAY FILMS 


X-RAY processing techniques used for normal temperatures may, with 
‘Kodak’ materials and formulae, be used with safety at temperatures up to 
75°F (24°C). The recommendations outlined below, however, are 
intended as a guide to the techniques found, by practical tests in the 
laboratory and in the tropics, to be most suitable for the temperature 
range 75°-90°F (24°-32°C). 


Under such conditions, it is still possible to obtain results of the highest 
quality, provided the development time is adjusted to give the correct 
degree of contrast and methods are adopted for minimising the degree of 
swelling and softening of the emulsion on the film. This can best be 
achieved by the addition of a fairly high concentration of a neutral chemical 
(such as sodium sulphate) to the developer. At the same time, a reduction 
in the time for which the film is subjected to the various processes, particu- 
larly development and washing, is advantageous for preventing undue 
swelling. The various solutions and the times for which they should be 
used, are given below. 


The recommendations given in this Data Sheet should be used only 
when it is impracticable to cool the solutions and to maintain them at a 
more normal level of temperature. 


Recommendations for other aspects of photographic work in the tropics 
will be found in Data Booklet GN-5. 


PROCESSING TEMPERATURE RANGE: 75°—90°F (24°—32°C) 


Development: The standard ranges of development times for X-ray 
films in normal (non-sulphated) D-19b developer at 68°F (20°C) are given 
below :— 


‘Kodirex’ 
‘Industrex’ Type D 5 min 
‘Royal Blue’ 
5 min 
‘Crystallex’ | ‘Blue Brand’ 
5-12 min 
‘Microtex’ } Standard 


For the higher temperatures, however, there is required the addition to the 
developer, whether it be D-19b or DA-19b (the variety of D-19b specially 
packed for the tropics), of sodium sulphate (not sulphite) in the proportion 
of 8 ounces crystals (or 34 ounces anhydrous) to 80 ounces of developer 
(105 grammes crystals or 45 grammes anhydrous to 1000 cc). The 
required time of developing in the unsulphated developer being known for 
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a temperature of 68°F (20°C), the times required for sulphated D-19b or 
DA-19b at temperatures of 75°-90°F (24°-32°C) may be found in the body 
of the table below. 


Development time Calculated development time (minutes) in sulphated 
(minutes) in D-19b or DA-19b 
non-sulphated 
D-19b or DA-19b 
at 68°F (20°C) 75°F (24°C) 80°F (27°C) 85°F (29°C) 90°F (32°C) 
5 6 43 25 
7 gL 64 34 
8 94 7 34 
2 


14 104 Si 





Stop bath: The use of a hardening stop bath, made up according to Kodak 
formula SB-4 (for formula see Data Sheet FY-4), is recommended between 
developing and fixing, particularly in the range 85°-90°F (29°-32°C). The 
film should be immersed for 3 minutes; for the first 30-45 seconds, it 
should be agitated vigorously, otherwise streakiness may result. After the 
equivalent of seven 14 x 17 in. films per gallon (six 35°6 x 43-2 cm films per 
4 litres) have been treated, the bath should be replaced, otherwise scum 
markings will result. 

If excessive swelling is noticed, the stop bath may be prepared in more 
concentrated form by using only 75 per cent of the quantity of water stated 
in the formula. 


Fixing and washing: A solution of ‘Kodak’ X-ray Fixer Powder, or a 
solution made up to Kodak formula F-5 (for formula see Data Sheet 
FY-4) is recommended. At the above temperatures, all types of film 
should be fixed for not less than 10 minutes, and washed for 30 minutes. 

To prevent the formation of mould growth, the film may be rinsed for 
3 minutes, after washing, in an aqueous solution of 4-1 per cent zinc 
fluosilicate*, and dried without wiping. To aid rapid and even drying, 
and to obviate drying marks, Kodak ‘Photo-Flo’ may be added to this 
solution in the dilution normally recommended—the resultant solution will 
not be clear but its properties will not be impaired. 


*Note : Zinc fluosilicate is a poison which may be fatal if swallowed even 
in dilute solution. The dust or spray of this chemical should not be 
inhaled, and the hands should be thoroughly washed after each contact 
with it. 


Kodak,"and product names quoted thus—‘Kodirex’—are trade marks 
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MEDICAL APPLICATIONS 
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Infra-Red Photography in Medicine 
Photographing Pathological Specimens 
Cine-Radiography 

Tomography 


Associated Data Sheets contained in other sections 
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‘Kodak’ X-ray Film Speeds 
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Localisation in Radiography 
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Processing X-ray Films 
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Contact Microradiography 
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Colour Photography by Artificial Light 
Colour Photography and the Human Eye 
Processing Recording Films and Papers 
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PHOTOGRAPHING PATHOLOGICAL SPECIMENS 


OUTLINED below will be found suitable methods for the photography of 
specimens in a general hospital department, where the nature and size of 
the specimens sent for photography can vary widely. 

In Pathological Museums photographs have taken their place alongside 
the usual specimens in pots and jars. Monochrome and colour photo- 
graphs of specimens make possible a more complete and realistic array 
requiring less space, care and attention than the real article, while still 
being capable of imparting a great deal of information. 

The photographing of such specimens needs particular attention to 
orientation and background. It is most important to be certain for what 
purpose the specimen is being photographed, and exactly what the photo- 
graph is required to show. The specimen must then be laid out so that 
the important details are clearly seen from the camera. 








Arrangement of recommended apparatus 
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As specimens are usually wet it is advisable to lay them out on a glass 
surface, and for this a transparency viewer laid on its back is most suitable ; 
it provides a glass surface which can also be illuminated from behind to 
give a very useful background in this type of monochrome photo- 
graphy. It can also be used for colour photography when a white back- 
ground is required. 


For obtaining coloured backgrounds, when photographing specimens 
in colour, the transparency viewer is not suitable. In this case a table 
consisting of a plate-glass top and four stout legs will be most convenient. 
The specimen is laid out on the glass, and a sheet of coloured blotting 
or other suitable paper is placed on the floor under the glass; the colour of 
the paper should be chosen to give an appropriate colour contrast. Alter- 
natively, the green towels commonly used in operating theatres can be 
used; the colour of these provides a very suitable background for many 
fresh specimens. 


In all cases of specimen photography it is important to include some 
type of scale so that the size of the specimen can easily be assessed when 
viewing the prints or transparencies. The scale, whether in inches or 
centimetres, should be simple, and not too involved with fractional divi- 
sions; bold lines and figures make for easy reading. Care should be 
taken that the scale is placed correctly in relation to the orientation of the 
specimen, and, if necessary with a thick specimen, raised to ensure that 
it is in the plane of critical focus. The inclusion of a familiar common 
object alongside the specimen is sometimes favoured for easy estimation 
of the size of the specimen; objects such as a pencil, pin, match, or even 
a human hand placed in position for the exposure, are suitable for this 
purpose. 


For most specimens flat lighting is required; this can be easily provided 
by two 500-watt Photopearl or No. 2 Phetoflood lamps, one on each side 
at about 45° and about 2 to 3 feet from the specimen. If it is necessary to 
show the surface features of a specimen this should be done by directing 
the beam from a spotlight across the surface. 


Whether or not to include some slight specular reflection with wet 
specimens is a controversial question. It is obvious that a certain amount 
of reflection gives a more natural appearance, but this must be kept down 
to a low level so as not to conceal any important detail. If it is decided 
that reflections must be eliminated completely then the specimen may 
need to be photographed while completely immersed in water. 


Suitable equipment consists of a ‘Kodak’ Metal Compact Stand, Model 
2, a ‘Kodak’ Transparency Viewer, and two ‘Kodalite’ Twin Assemblies. 
The choice of a camera will depend on the size and form of the sensitized 
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material it is required to use. The ‘Kodak’ Specialist Camera, Model 2, 
is very suitable for use with sheet film or plates. The Metal Compact 
Stand is not required when using certain miniature cameras, such as the 
‘Retina’, which include a copying stand as one of the available accessories. 


Combination of specimen and radiograph 


In this technique it is usually required to show the specimen alongside 
its image on a pre-operative radiograph, and this can conveniently be 
accomplished by the use of the glass-top table previously described. The 
specimen is laid out on the glass surface, and the radiograph is attached 
to the underside of the glass. White card or paper is then laid on the 
floor beneath the table and lit so as to transilluminate the radiograph. 
The specimen is properly orientated on the glass to one side of its radio- 
graphic image, and is separately lit to bring out its surface features. 
When the lighting of the specimen and that of the radiograph are properly 
balanced, a single exposure can produce a most informative picture. 
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APPENDIX 


Suitable materials for specimen photography 

Further details of the materials listed below may be found on reterence 
to the appropriate Data Sheets, the numbers of which are given after the 
title of each material. 


Materials 


*Panatomic’-X (FM-47 


and FM-51) 
P.300 (PL-18) 


*Plus-X" (FM-36, FM-49 


and FM-52) 


Colour 
Sensitivity 


Panchromatic 


Panchromatic 


Panchromatic 


Roll or 
miniature film 


Plate 


Sheet, roll or 
miniature film 


Remarks 


1 Fine-grain 
> general-purpose 
J materials 


Fine grain. High- 
er speed than 


‘Panatomic’-X 


Where high 


mati | : . 
Panchromatic Plate speed is required 


P.1200 (PL-19) 


Commercial Ortho | Orthochromatic | Sheet film 


(FM-34) 
O.250 (PL-I1) 
©.800 (PL-12) 


| Where it is 
necessary to 
stress the blood 

, and render it as 

| black 

| 

4 


Orthochromatic | Plate 
Orthochromatic | Plate 


‘Ortho-X’ (FM-35) Orthochromatic | Sheet film 


‘Ektachrome’ (FM-1) . Sheet, roll or 


miniature film 


Colour )) All specimens 


where colour is 


J required 


‘Kodachrome’ (FM-2) | Colour Miniature film 





The slower materials are normally to be preferred because of the need 
for high resolution and the necessity to record fine detail. 

Various filters may be required to produce differentiation of colours; 
details of these may be found in Data Sheet FT-1. When using tungsten 
lighting with panchromatic materials, the Kodak ‘Wratten’ Filter No.11 
(XI) gives a correct rendering of colours (Data Sheet FT-8). 


Kodak, and product names quoted thus—‘Wratten'—are trade marks 


Kodak Data Sheet 
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CINE-RADIOGRAPHY 


EARLY attempts to produce moving reproductions of the radiographic 
image included the making of multiple-sequential exposures on X-ray 
film, both with and without the aid of intensifying screens. Copies of 
such serial radiographs were made on to 16mm or 35mm cine film and 
an illusion of motion was created. In practice, the relatively low fre- 
quency of exposures was not compatible with the usual standards for 
cinematography—in terms of the number of exposures per unit time. 
Thus, entirely different techniques have been evolved for producing 
cine-radiographs. The method of multiple sequential exposures of 
X-ray film has become known as “‘Rapid Serial Radiography”, and the 
Elema Schénander equipment permits the making of as many as twelve 
exposures per second on films 14 x 14 inches or 10 x 12 inches. 
Experiments with ordinary cine cameras photographing the image 
presented by a fluorescent screen excited by X-rays have been conducted 
since the early 1930’s, and many types of equipment have been developed 
for this purpose. The relatively low brightness of these screens imposes 
a severe limitation on the usefulness of this system, and the radiation- 
dosage levels involved are a prime consideration in dealing with medical 
subjects. Latterly, however, the introduction of electronic X-ray image- 
intensifier tubes has brought cine-radiography within the scope of many 
X-ray departments—where its use could not formerly be contemplated. 


Image intensifier 


The evacuated glass envelope of the image intensifier contains a 
fluorescent screen at one end, sometimes referred to as the “input phos- 
phor”. When an X-ray beam strikes the screen, a conventional fluoro- 
scopic image is formed, and this frees electrons from a photo-cathode 
placed in intimate contact with the input phosphor. The number of 
electrons emitted at any point from the photo-cathode is proportional 
to the light intensity at a corresponding point in the fluoroscopic image. 
An electron image is therefore formed on the surface of the photo- 
cathode. These electrons are accelerated to high speed by the application 
of an external high-voltage between the photo-cathode and the open 
anode at the other end of the tube. The electron image is not only accel- 
erated it is also electrostatically reduced in size and focused on a second 
fluorescent screen, which is the viewing screen or “output phosphor” 
(contained within the anode). The combination of these two factors— 
acceleration and reduction—results in increased brightness of the image 
by a factor between 500 and 3,000 times, according to the type of tube 
used. 

A variety of viewing and recording systems are available :— 


| Fluoroscopy alone. 
2 Simultaneous viewing and filming. 


3 Simultaneous use of a cine camera and a closed-circuit television unit, 
for viewing in brighter light or at points remote from X-radiation. 
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To attain this, the tube is fitted with a carousel or image distributor so 
that the image may be viewed and photographed with a choice of per- 
centages, for example, 10 per cent of the light for viewing, whilst 90 per 
cent of the light is available for photographing with a 16mm or 35mm 
cine camera placed at the out-put end of the image-intensifier tube. 
Alternatively, the image may be viewed by a television camera, increased 
in brightness, and reproduced electronically on monitoring television 
sets of any number. 

The television image is composed of horizontal scanning lines which 
are separated by spaces, which means that no information whatever is 
presented in these spaces; but this disadvantage can be partly overcome 
by reducing the size of the scanning spot, increasing the number of 
scanning lines, and providing an interlace scanning system. ‘There is 
a great advantage in being able to duplicate electrically the resulting 
image. Any number of people can view the image at the same time and 
it is also possible to alter the image contrast and thereby enhance results. 
Additionally, a negative or positive image may be secured at will. 

The advantages of photographing direct from the end of the image 
intensifier are that the image is considerably increased in brightness, when 
compared with the image on a normal fluorescent screen, and it is devoid 
of television scanning lines. 

When photographing the image on the screen of an image intensifier, it 
is necessary for the cine-camera framing device to be synchronised with 
the electrical pulses that are inherent in the electrical system (whether 
using image-intensifier tube or television unit or both). It is normal for 
the camera to be driven by a synchronous motor and, in the case of a 
television unit, a blanking pulse is applied to the T.V. monitor to suppress 
every third complete picture. The camera and monitor are phased together 
so that the pull-down mechanism of the camera operates during these 
blank-field periods. This system reduces patient dosage, and X-ray 
tube loading, and removes the risk of residual phosphorescent images 
which would otherwise be recorded on successive frames. It is normal 
for the camera shutter to open before the pulsed image starts, and for the 
camera shutter to close after the pulsed image has finished, and when the 
phosphorescent image is dying away. This ensures that the maximum 
amount of light is available for cinematography and that no X-radiation 
is wasted. 


Cameras 


Many of the cameras used in this work are of the direct-view type so 
that the image may be kept under full observation during the period of 
filming. Both 16mm and 35mm cameras have been successfully used, 
the former permitting a slight decrease of dosage to the patient for a given 
speed of cine film, the latter permitting greater enlargement of the resulting 
film (as might be required for teaching purposes). 


Optical systems for cine-radiography 


The choice of optical system for cine-radiography will be influenced by 
the ratio between the output-phosphor diameter and the film frame size. 
A single lens system can be employed, but to avoid the vignetting effect 
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inherent in the use of such a system it is generally recommended that two 
lenses be used, mounted in tandem. Variations of focal length of one or 
both lenses will produce suitable degrees of image reduction or enlargement. 
Each lens is located at a distance equal to its focal length from the output 
screen, and the film frame, respectively, and the two lenses should be as 
close as their mounts will permit. When using such a tandem com- 
bination of lenses, the distance between the output phosphor and the 
film frame will be the sum of the individual focal lengths of the lenses 
and the distance between the lenses. 

When an ordinary 16mm or 35mm cine camera is employed for 
cine-radiography, it should be appreciated that the screen image is 
inverted. It is consequently necessary to locate the camera upside down 
to avoid the sequence of the projected images from being reversed, but 
with television units it is possible electronically to turn the image upside 
down. However, specially modified cameras are available in which the 
film runs in the opposite direction to that for normal cinematography: 
such cameras must not be used inverted for cine-radiography. 


‘Kodak’ films for cine-radiography 

‘Eastman’ Double-X Panchromatic Negative Film is recommended. 
It is available in 16mm and 35mm widths in 100 ft and 200 ft reels. 
Photography of the T.V. monitor screen has been undertaken successfully 
with Eastman ‘Plus-X’ Panchromatic Negative Film (Type B), which 
has one third the speed of Double-X Negative film but shows an increase 
of image-definition. 


Processing 

Short lengths of 16mm and 35mm cine film wound on X-ray film 
hangers may readily be processed in a conventional X-ray processing 
unit. Up to 24ft or 100 ft of film can be dealt with using the ‘Kodak’ 
35mm Spiral Film Processing Outfit Model 24 or Model 100, respectively. 
Lengths of 16mm film generally require specially constructed processing 
frames used in conjunction with X-ray processing units or with shallow 
tanks of solutions. For high-contrast results and minimum exposure, 
the use of a fresh solution of ‘Kodak’ DX-80 Developer (diluted one part 
to four parts of water) for 4-6 minutes at 68°F (20°C) is recommended. 
Lower contrast, coupled with finer image detail, is obtainable by develop- 
ing Eastman ‘Plus-X’ Panchromatic Negative Film in Kodak D-76 
developer (for formula see Data Sheet FY-2) for 12-16 minutes at 68°F 
(20°C). In the preceding examples, the times given are for intermittent 
agitation (thorough but brief agitation at one-minute intervals). The 
shorter developing times give lower contrast; for finer grain and still 
lower contrast, these times may be reduced by up to one-third. 

Alternatively, the film can be sent to one of the many processing 
laboratories in which this type of work is undertaken. 
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TOMOGRAPHY 


PRINCIPLES 


In a radiograph, the images of other structures obscure and complicate 
the images of the region of interest. Tomography simplifies radiographic 
appearances by giving a sharp image of any selected plane within the 
patient; the images of planes above and below that selected are blurred. 
This is achieved by causing the images of unwanted planes to move across 
the film during exposure, whereas the image of the selected plane remains 
stationary on the film. The degree of unsharpness in the images of planes 
immediately above and below that selected is small and these planes also 
appear sharp in the tomogram, so that, in practice, the tomogram records 
a layer of the patient rather than a plane. The thickness of the layer or 
“cut” can be controlled within limits. Essentially, the tomogram is a 
sharp image of the chosen layer superimposed on a diffuse background 
made up of the blurred images of all other layers of the body part. 

Various techniques have been devised and various names used, such as 
tomography, stratigraphy, planigraphy, laminagraphy, layer radiography, 
planar radiography, and body-section radiography. In all these tech- 
niques, the basic principle is the same. 

The equipment (Figure 1) consists of a moveable X-ray tube R con- 
nected by a rod C to a film carriage F (usually the cassette tray of the 
Potter-Bucky diaphragm). The rod C is telescopic so that the vertical 
distance of the tube focal spot from the film plane remains the same at all 
tube positions. 

A pivot H is provided about which rod C turns, so that when the tube 
moves in one direction the film is moved synchronously, but in the 
opposite direction. The position of the pivot H is adjustable. 


R ey ~s 


COUCH TOP 








Figure | 


Issue A Kodak Data Sheet 
MD-5 


Figure 2 illustrates the principle of tomography and shows the X-ray 
tube R in three positions. The broken line indicates the path along which 
the tube focal spot moves during exposure. The film plane is shown at F, 
and P is a point in the body on the plane to be recorded. The pivot is 
adjusted to occupy the same plane as the point P. A is a point in the body 
lying in the plane remote from P. 

The image of points P and A formed in the three tube positions are 
shown at P,, P,, and P3, and Aj, Ag, and A, in the lower part of the figure. 
Point P appears at the same position on the film for all tube positions: the 
image of point P will therefore be sharp. Similarly, the image of all other 
points on the same plane as P will also be sharp. The images of point A 
appear at different positions on the film for each tube position and, since in 
practice the movement of the tube and film is continuous during exposure, 
the image of point A will be a continuous blur extending between A, and 
A, in the diagram. This applies to the images of all points lying outside 
the selected plane, and the further the points are from the selected plane 
the greater will be the blurring of their images in the tomogram. As 
already stated, the position of the pivot can be adjusted so that any plane 
in the body can be selected for recording. 


1ST TUBE POSITION 2ND TUBE POSITION 30 TUBE POSITION 


START OF EXPOSURE R END OF EXPOSURE 





Figure 2 


EQUIPMENT 


The various types of tomographic equipment differ mainly in the 
mechanics of tube and film movement. Equipment has been designed to 
give spiral or sinusoidal movements instead of the more common recti- 
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linear movement. The advantages of such complex motions are not usually 
considered sufficient to justify the mechanical complications involved. 

The X-ray tube, connecting rod, and film are usually moved during 
exposure by an electric motor, or by a powerful spring. Switches are 
usually provided to ensure that the X-ray exposure starts after the tube 
has commenced to move, and terminates before movement stops. In 
some equipment, the switches are arranged so that the angle through which 
the tube moves can be varied at will from about 30 to 60 degrees. This 
gives control over the thickness of the sharply recorded layer since the 
greater the angular movement the thinner will be the sharply recorded 
layer. It is usually possible to control the speed of tube movement to 
suit the exposure time used. 

Some equipment is designed solely or principally for tomography, but 
tomographic attachments which can be fitted to a normal X-ray couch 
are in general use. The attachments are usually designed to operate with 
the patient in the horizontal position, but equipment is available for use 
with the patient upright. 

The focus-film distance can usually be varied from about 30 to 40 inches; 
less commonly, distances of up to 72 inches are possible. 


TRANSVERSE BODY-LAYER TOMOGRAPHY 


The conventional tomographic equipment records a layer in the 
longitudinal plane of the patient. However, equipment is also available for 
horizontal (transverse) layer radiography; in this, the position of the tube 
is fixed, and patient and film rotate synchronously about vertical axes. 
The X-ray beam is limited by a slit diaphragm. 


SIMULTANEOUS MULTI-LAYER TOMOGRAPHY 


In 1947, D’Abreu introduced an important advance in tomography. 
This method is now generally known as Simultaneous Multi-section or 
Multi-layer Tomography. The object of the technique is to produce, 
by one exposure only, a series of tomograms each recording a separate 
body layer. This is done by substituting for the cassette used in normal 
tomography, a special magazine containing several films. 


Advantages 


The principal advantage claimed for simultaneous multi-layer tomo- 
graphy is that with suitable intensifying screens the radiation dose to 
the patient is less than that required to produce the same number of 
tomograms by conventional methods. Furthermore, all layers are 
recorded with the same degree of enlargement and in precisely the same 
physiological phase, a point of considerable importance in tomography of 
mobile organs such as the lungs. The simultaneous method saves time 
and labour in the X-ray room. 

Most normal tomographic equipment can be adapted for the simul- 
taneous multi-layer technique by removing the tray of the Potter-Bucky 
diaphragm and substituting a suitable support for the magazine. 
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Principles 


In normal tomography, the body layer in the same plane as the pivot is 
sharply recorded ona film placed in the plane of the pin joining the connect- 
ing rod to the film carriage (Bucky tray). In multi-layer tomography, the 
first film in the magazine is situated at the level of this pin and records 
the body layer at pivot level. The other films in the magazine are placed 
at successively lower levels and record layers of the body below that at 
pivot level. 

Figure 3 is similar to the diagram used to explain conventional tomo- 
graphy (Figure 2). But in Figure 3 an additional film is shown at a lower 
level than that in Figure 2. During exposure this lower film moves 
simultaneously with the upper film. In Figure 3 (as in Figure 2) the 
images of point P fall on the same place on Film 1 for all three tube 
positions, and each tube position gives a separate image of Point A on 
Film 1. Point P will be sharp on Film 1 but Point A will be unsharp. 
On Film 2, each tube position gives a separate image of Point P, but the 
image of Point A falls on the same place for all tube positions. Thus, on 
Film 1, all detail lying in the same plane as P will be sharply recorded; 
detail in other planes will be blurred. On Film 2, only detail in the same 
plane as A will be sharply recorded. 

In practice, more than two films are exposed simultaneously and the 
films are separated in the magazine by spacers of some material having a 
very low absorption of X-rays. Since intensifying screens are generally 


1ST TUBE POSITION 3R° TUBE POSITION 
START OF EXPOSURE anv TUBE: POSITION END OF EXPOSURE 





Figure 3 
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used, the spacers must also give uniform screen-film contact. Sheets of 
balsa wood or polyester foam of suitable thickness can be used as spacers. 


Choice of intensifying screens 

Since intensifying screens absorb some X-radiation, the second and 
subsequent films receive less radiation than the first; additionally, the 
second and subsequent films are further from the tube than the first, and 
will receive progressively less radiation for this reason. It is possible to 
compensate for the effects of absorption and distance by using intensifying 
screens of successively higher speed from top (nearest tube) to bottom of 
the magazine. The best combination of screens will depend on the 
kilovoltage used and on the film separation, but suggested combinations 
are given in the tables below :— 


SIMULTANEOUS EXPOSURE OF 3 LAYERS 
Film position Type and number of ‘Kodak’ Intensifying Screens 
Ist Film (nearest tube) Type 80, ‘‘Front’”’ Screen only 


2nd Film . Pair of High-Definition Screens 





3rd Film . Pair of Ultra-Speed Screens 


SIMULTANEOUS EXPOSURE OF 5 LAYERS 





Film position Type and number of ‘Kodak’ Intensifying Screens 





Ist Film (nearest tube) High-Definition, ‘‘Front’’ Screen only 





2nd Film . Ultra-Speed, ‘‘Back’”’ Screen only 
3rd Film. Pair of High-Definition Screens 


4th Film . Ultra-Speed “Front” Screen as Front 
Screen, and Ultra-Speed ‘‘Front’” Screen 
as Back Screen 


5th Film . Pair of Type 80 Screens 





5 MD-5 


The screen combinations given in these tables have been found satis- 
factory at kilovoltages between about 70 and 90, and with film separations 
of up to2cm. The same type of film should be used for all layers, and the 
variation in density from film to film is within acceptable limits. By 
taking advantage of the development latitude of ‘Kodak’ X-ray film, it is 
possible to produce closely matched tomograms by appropriate adjustment 
of the development time for each film. 

The exposure required for the 3-layer method is approximately twice 
that normally given for the part in question. In the 5-layer technique, the 
exposure is about 3 times the normal. 


Spacing of the body layers 


The spacing between the layers of the body which are sharply recorded 
is less than the distance between the films in the magazine. When the 
film separation is known, the separation of the body layers can be cal- 
culated from the following expression :— 


D 
a Se(57 3) 


Alternatively, the film separation needed to give the desired amount of 
body-layer separation can be found from the equation :— 


SF= si (1 +5) 


In both expressions :— 


Si = separation of body layers 
Sp = separation of films 

D == Focus to pivot distance 

d = Distance of pivot to Ist film 


CONVENTIONAL AND SIMULTANEOUS MULTI-LAYER TOMOGRAPHY 
IN PRACTICE 


Tomography is used to locate structures and lesions and to determine 
their extent. In addition, lesions which are invisible or difficult to discern 
in the normal radiograph may be revealed by tomography. Tomography 
finds its greatest application in radiography of the lungs but is by no means 
confined to this region of the body. 


Positioning in tomography 


It is convenient when positioning the patient for tomography to place 
the X-ray tube and film carriage in the mid-point position; that is, with 
the connecting rod vertical or horizontal. The body part can then be 
centered in the normal way. The position of the patient in relation to the 
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direction of tube movement is important since the maximum blurring 
occurs in structures lying at right angles to the direction of movement. 
For instance, the outline of a long bone will be sharp if its length is 
parallel to the direction of movement, and structures above or below the 
bone will not be well demonstrated in the tomogram. If the long bone 
is at right angles to the direction of travel, then its outline will be blurred, 
and underlying or overlying structures will be shown in the tomogram. 
Thus, in tomography of the lungs, movement of the tube in a direction 
parallel to the spine, and at right angles to the ribs, successfully blurs the 
latter structures. 

Tomography is a useful method of demonstrating the sternum and 
sterno-clavicular joints. This, however, involves a difficulty in that if the 
direction of tube travel is parallel to the spine, that structure is not 
adequately blurred, and if movement is at right angles to the spine then the 
ribs will interfere with the tomographic image. This difficulty is over- 
come by placing the patient in an oblique position so that the spine is 
projected clear of the sternum, the tube movement being in a direction 
parallel to the spine. Alternatively an A.P. projection can be made with 
the patient placed so that the sternum is at an angle of about 70° to the 
direction of tube travel. In this way, both ribs and spine are adequately 
blurred. 

The above examples should illustrate the principle to be applied when 
examining other parts of the body where a similar problem arises. 


Use of Potter-Bucky diaphragm and cones 


A Potter-Bucky diaphragm is nearly always used for tomography not 
only because the Bucky tray forms a convenient film carriage, but because 
in tomography the mass of tissue exposed to radiation is greater than that 
in normal radiography. This results in the production of a correspond- 
ingly greater amount of scattered radiation which must be eliminated to 
obtain adequate contrast. 

In tomography, it is essential to use a cone or preferably a multi-leaf 
diaphragm which strictly limits the X-ray beam to the required region. 
This ensures that the minimum amount of radiation is applied to the 
patient, and helps to reduce the amount of scattered radiation produced. 


Pivot setting 


After the patient has been placed on the couch, the pivot can be set at 
the required height. The pivot setting depends on the distance from the 
couch top of the region to be demonstrated. This distance may be 
measurable on the patient or may be known from conventional radio- 
graphs. Frequently, however, tomography is used to investigate a lesion 
giving an indefinite shadow of low contrast in a conventional radiograph. 
In such a case, the pivot must be fixed at a height above that of the sus- 
pected lesion for the first tomogram. A series of tomograms must then 
be taken, the pivot height being decreased progressively for each exposure. 
Sufficient tomograms must be taken to include the whole of the lesion and 
related anatomical features. 
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In simultaneous multi-layer tomography, the pivot height must be set 
so that the top film records a body layer above the lesion or structure of 
interest; the lower films will then record body layers successively below 
the first. Sufficient films must be taken to include the relevant structures. 


Separation of body layers 


In conventional tomography, the pivot height is usually adjusted for 
each exposure so that the recorded body layers are separated by a distance 
of about 1 cm. In multi-layer tomography, the film separation is usually 
selected to record body layers about 1 cm apart. 

Ideally, the greatest amount of information would be obtained by 
making the tube and film move through a very large angle during exposure, 
thus recording a very thin layer of the object. However, this would entail 
the use of a large number of films with a consequent heavy dosage to the 
patient, and the contrast obtained in the tomogram might be inadequate 
when the body layer is very thin. When large angles are used, the X-ray 
beam strikes the film very obliquely and this gives rise to complications. 
For these reasons, the maximum angle of movement is usually restricted 
to about 60°. 


Identification 


Each film must be marked so as to identify the body layer recorded. 
This is best done by placing a suitable scale on the couch adjacent to the 
patient so that it can be recorded on the tomogram. The scale should 
carry a series of radiopaque marks of identifiable height above the couch 
top. The location of the body layer is then found by examining the image 
of the scale on the tomogram. This method has the great advantage 
of being independent of errors in setting the pivot height, and of mechanical 
inaccuracies of the apparatus. The method applies to both conventional 
and simultaneous techniques. 

Where the above method is impracticable in conventional tomography, 
an appropriate lead marker should be placed on the front of each cassette 
to identify the body layer. In simultaneous multi-layer tomography, the 
layers are best identified by making suitable marks on each of the intensi- 
fying screens used. As an additional precaution, each film should be 
numbered before it is placed in the magazine. 


Exposure 


In conventional tomography, the exposure required is generally the 
same as that given for the particular body region in ordinary radiography. 
However, due account must be taken of possible changes in focus-film 
distance, and the use of a Potter-Bucky diaphragm. 

In simultaneous multi-layer tomography, the exposure depends on the 
number of layers recorded and on the screen combination used. The 
3-layer combination given on page 5 requires about twice the normal 
exposure for the part in question. The 5-layer combination requires 
about 3 times the normal exposure. 
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With some tomographic apparatus, the exposure time is fixed at about 
1 second and cannot be varied. In such cases, the milliamperage must be 
adjusted to give the required milliampere-seconds in a 1 second exposure. 
This may not be possible because of the restricted choice of millia- 
amperage available; in such a case, the kilovoltage must be adjusted to give 
the required density. It is a common practice to over-expose tomograms 
and to correct for this by under-development. This may be permissible 
if the development latitude of the film is sufficient to give adequate radio- 
graphic quality. However, severe under-development results in a re- 
duction of contrast and this is particularly undesirable in tomography. 


Processing 


Where possible all tomograms of a particular patient should be pro- 
cessed at the same time to ensure an identical degree of development for 
all films and to avoid changes in contrast which might make interpretation 
of the results more difficult. Details are given in Data Sheet XR-6 and 
in the Data Sheets appropriate to the particular X-ray films in use. 
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INTRODUCTION TO INDUSTRIAL SECTION 


At several stages in the evolution of a finished product from its raw 
materials, photography can be profitably employed as a means of record or 
control. 

In the research preliminary to construction, photography is a valuable 
tool in all branches of electrical, chemical, civil, mining and mechanical 
engineering, while the value of the photographic method in the reproduc- 
tion of working diagrams by blue-printing, diazotype printing or the more 
versatile tool known as the ‘Photostat’ machine, is well known. In 
control, the metallurgist photographs his specimen sections by micro- 
graphic or macrographic methods and uses X-ray inspection to check the 
soundness of welds and castings, while the electrical engineer examines 
the photographic trace of his oscillograph for the behaviour of the product 
under test. 

Many of these photographic techniques were not evolved specifically 
for the solution of industrial problems and one of the most useful 
features of the Data Sheets issued in this section will be the recording of 
brief summaries of new applications of photographic materials and 
methods which possess features likely to be of interest to a progressive 
industrial firm. 

In this introduction it will be sufficient to mention, rather than to 
describe, various photographic techniques which are already applied to 
industry, as some indication of the scope of this particular tool. 


Still photography 

The application of photography in the reproduction of diagrams, in the 
production of permanent records of transitory stages in a process and of 
finished products is as well known as its use in the metallurgical aspects 
of engineering. 

The ability of the camera to provide permanent records of transient 
phenomena is particularly valuable where, as in research, many features 
must be recorded simultaneously. A typical example of an application 
of this type occurred in an investigation in which the stationary waves set 
up in the testing basin by a 20 ft ship model were photographed and 
measurements of their characteristics made on enlargements from the 
photograph, thus avoiding the use of several observers, each with his own 
personal error, and any variations which might occur in the course of 
making the observations. 

With the use of colour film the scope of photography in recording 
photo-elastic and other coloured phenomena (such as the differentiation 
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shown in the dezincification of brass) has been extended and it has 
become a tool in the true sense of the word, preserving the transient data 
for later study. 


Flash and instantaneous photography 

Flash photography, in which the exposure is made by illumination from 
an electronic discharge apparatus at a predetermined instant in the cycle 
under study, has proved of value in the photography of flying projectiles, 
of the procedure of making small arms, in the study of combustion and 
knock in a spark-ignition system, in performance of machinery at high 
speeds and in acoustic design. 

In a study of the high voltage spark, discharge photography revealed 
that the spark has both a main stroke and a leader stroke. 


Cinematography 

Cinematography, both standard (35 mm) and sub-standard (16 mm), 
has served not only in recording techniques but also in resolving high- 
speed phenomena which occur in far too short a time for the eye to follow 
their transitory stages. Such high-speed cinematography has been used 
in Post Office engineering research to reveal vibrations, uneven accelera- 
tions and hesitations of mechanisms, drag and oscillations in bearings, by 
projecting the films at the usual rate of 16 frames per second instead of the 
exposing speed, which may be as high as 3000 frames per second. By 
this means an operation which would normally occur in, say, one second, 
occupies as long as three minutes when the cine film is projected. 


Infra-red photography 

Engineering subjects which have been studied by means of infra-red 
photography include heat losses in furnaces due to weaknesses in the 
insulation, distribution of surface temperature in hot metal ingots, 
cylinder heads and exhaust manifolds of internal combustion engines, 
and in many kinds of electrical heating appliance, and radio valves, 
temperatures of furnace walls, metallic welding operations, and super- 
heated steam lines. Reference : W. Clark, Photography by Infra-Red, 
Chapman & Hall, 2nd edition, 1946. 


X-ray methods 

Apart from its well established use as an approval inspection of the 
finished product, whether it be a welded structure, a casting or an assembly, 
radiography has been proved of value in the development of both welding 
and casting techniques. In addition to their radiographic aspect, X-rays 
are finding increasing use in the X-ray diffraction examination of crystal- 
line structures, a well-known example in engineering being Gough and 
Wood’s work on fatigue (Proc. Roy. Soc. A., 165, 1938, pp. 358-371). 
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HIGH-SPEED PHOTOGRAPHY 


By courtesy of R. F. Saxe, B.Sc., Ph.D., Honorary Secretary of the 
National Committee for High-Speed Photography 


HIGH-SPEED photography is a useful tool in many branches of scientific 
and technical work and is being increasingly applied in industrial problems 
of all types. Not only does the method allow the recording of phenomena 
too rapid for the human eye to follow, but precise analyses of the various 
phases of action can be obtained for study at leisure if a series of pictures 
is taken in rapid succession together with a simultaneous record from some 
type of precision chronograph to form a time base. 

The method adopted for high-speed photography depends principally 
on three factors :— 

Whether a single picture only is required, or whether it is desired to obtain 
a complete set of pictures at known intervals of time. Although a single 
picture is often of use to show the exact conditions prevailing at any known 
instant, a complete analysis with respect to time can only be obtained by 
consideration of a series of pictures taken at known time intervals or by 
means of some special form of continuous record. Pictures in the ordinary 
sense are sometimes not necessary, for example, in some cases where 
symmetry may be assumed it is sufficient to place a slit across an image of 
the object and to scan this slit along a film at a known rate. In this way the 
motion of the light-emitting object may be accurately measured without 
taking a picture or series of pictures of the whole object. 

The displacement, speed, and duration of the phenomenon to be examined. 
These determine the length of exposure required for each picture and, if 
a sequence is required, the frequency of exposures, the rate of travel of the 
film and the length of film required to record the whole action. If the 
relative velocity of movement between the image of the subject and the 
film is great, owing either to the movement of the subject or of the film, 
the exposure time must be correspondingly short in order to avoid blurring 
of the record. If, during exposure on cine film, the image travels more 
than 0-001 in. across the film, noticeable loss of definition will be produced 
when the result is projected, though more than this can often be tolerated. 
In still photographs which are not enlarged, blurring of 0-01 in. or even 
more is not objectionable. In certain cases it may be necessary to use a 
high shutter speed with relatively low picture frequency, while in others it 
is necessary to use a high picture frequency in order to slow the motion 
effectively. It is not possible in general to state an overriding rule and it is 
necessary to consider each case separately. 

Whether the subject is self-luminous or requires to be illuminated. Some 
subjects may be highly self-luminous, such as flames, electric sparks, 
shock waves, or explosions, and it may be sufficient to use the light emitted 
by the phenomenon for taking the required picture. On the other hand, 
some subjects are completely non-self-luminous and will require to be 
illuminated by one or more external light sources. The type of light 
source to be employed depends to a large extent on the total time duration 
of the phenomenon to be recorded. If the total duration of the phe- 
nomenon is short, then a spark gap or special discharge tube, consisting of 
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a discharge between electrodes sealed into a glass or quartz envelope filled 
with a special gas, may be sufficient. If the phenomenon has a total 
duration in the range 100 microseconds to 1 millisecond, then one of the 
following will be required—a spark gap, a discharge tube driven by an 
artificial electric line, or a shock wave produced by a small explosion 
moving through a gas, such as argon, contained in a disposable case with 
a transparent end window. If the total duration of the phenomenon is 
much longer than this, i.e., of the order of one second, then fairly normal 
projection lamps may be used, if necessary overrun for a short time to 
produce the required amount of light. 

In general it may be stated that the methods of high-speed photography 
fall under the following main headings :— 


] Normal high-speed cine cameras. 

2 Streak cameras. 

3 Framing cameras. 

4 Single-shot, short-exposure cameras. 
5 Image-dissection cameras. 

6 Flash X-ray methods. 


| High-speed cine cameras form the type of camera most used in this 
field. Such cameras may be run at speeds of up to about 10,000 or 20,000 
frames per second, although they are more frequently used at somewhat 
lower speeds, i.e., in the range 1000 to 5000 frames per second. At these 
high picture rates, the linear speed of the film past the lens must be high 
in order to separate successive frames. On 35 mm film there are 16 frames 
per foot, consequently, at 2000 frames per second, the speed of travel of 
the film must be at least 125 feet per second. For the sake of economy in 
film alone, cameras taking 16 mm or 8 mm films are preferred; at the 
same picture frequency as above, 2000 frames per second, these cameras 
use only 50 feet or 25 feet, respectively, of film per second. The smaller 
size of the cameras and the consequent reduction in power required to 
drive them are further advantages. 


At the higher framing rates, when continuous motion of the film is 
essential, shuttering is achieved by the use of a rotating shutter placed 
between the lens and the film, and the relative motion of the film and the 
image is compensated to a large degree by means of a rotating block of 
glass, usually integrated with the shutter. With care in design, the degree 
of compensation for the image motion may be made so good that high 
picture definition may be obtained. In order to measure the rate at which 
the film is moving or to measure the rate at which the pictures are being 
taken, a time base is frequently impressed upon the edge of the film; this 
usually takes the form of short-exposure sparks which are running at a 
known rate governed by a tuning fork or crystal-controlled oscillator. An 
image of the sparks is projected on to the edge of the film and is recorded 
as a series of marks. 


It is possible to dispense with the rotating shutter, and with the optical 
compensating block, if the illumination of the object is done by short- 
duration flashes of light occurring at the rate at which pictures are re- 
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quired, and having enough intensity to illuminate the object which it is 
required to photograph. Obviously this form of high-speed camera is 
applicable only to non-self-luminous objects. 


2 The principle of the streak camera has already been touched upon in an 
earlier section. It consists of a mirror which is rotating at a high speed 
and which scans an image along a strip of film which is arranged as an 
arc of a circle centred on the centre of rotation of the mirror. The object 
to be examined is imaged by a lens on to a slit, and the light which passes 
through the slit is focussed by a lens on to the film after reflection from the 
rotating mirror. The image of the slit on the film is arranged to be at 
right-angles to the direction of scan along the film when the mirror rotates. 
Using such a camera, the motion along the length of the slit of the light 
emitted by the object may be recorded on the film, and if the rate of 
scanning along the film is known, then the velocity of movement of a light 
front along the slit may be derived by the measurement of an angle on the 
film. One of the limitations of this method is that it gives information 
about the motion of the light front only in one direction, i.e., along the 
slit. It can be assumed in some cases that symmetry exists and it can 
therefore be postulated that motion of a light front along the slit applies 
to the motion of a light front in any other direction, but this postulate may 
not always be justified. 


Many such cameras have been designed and built, using either a turbine 
drive for the mirror or a high-frequency electric drive. For the lower 
speeds, it is often sufficient to use a more or less conventional electric 
motor, with a belt drive to give an increased speed of rotation of the mirror 
shaft. For the high speeds, it is necessary that the mirror should be 
rotating in a vacuum or reduced pressure to remove the decelerating effects 
of air turbulence. These cameras have been successfully operated at 
mirror rotational rates of up to about 300,000 revolutions per minute, 
giving speeds of scan along the film of the order of centimetres per micro- 
second and time resolutions of the order of nanoseconds. In general, 
this method is applicable only to subjects which are highly self-luminous, 
as the aperture of the system is usually fairly small and a large amount of 
light is required to obtain a satisfactory record. 


3 Framing cameras are in many ways similar to streak cameras in that 
they employ a high-speed rotating mirror and a film arranged along an 
arc of a circle. However, the main difference is that the framing camera 
takes a series of discrete pictures of the whole object and produces a 
result looking like a short length of cine film. This is achieved by forming 
an image of the object to be recorded on the surface of the rotating 
mirror. The light reflected from the mirror is then imaged by a series of 
small subsidiary cameras on to the film. The duration of the exposure in 
each of the subsidiary cameras is governed by the time which it takes for 
the light reflected from the rotating mirror to pass across the lens of each 
subsidiary camera. The number of pictures is determined by the number 
of subsidiary cameras and is usually in the range 30-100. The picture 
size is usually fairly small but good definition may be obtained. 


With mirrors rotating at the same sort of rotational speeds as those in 
the streak camera, picture frame-rates of up to about 10° per second have 
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been successfully obtained, the exposure in each picture being about 0°1 
microsecond. Again, for the higher speeds the mirror needs to be contained 
in a vacuum and pictures may be obtained only if the subject is highly 
luminous or is illuminated by a very intense light-source. 


In the case of both the streak camera and the framing camera, it is 
usually necessary to synchronize the occurrence of the event to be studied 
with the position of the rotating mirror to a fairly high degree of accuracy. 
This is a considerable limitation as there are many subjects the initiation 
of which may not be accurately synchronized. Some streak and framing 
cameras have been designed with continuous access, in other words, no 
matter when the event occurs, records will be obtained, but this leads to 
considerable complications in the design of the camera and in general is 
avoided where possible. 


One further difficulty with the use of streak and framing cameras is that 
if the total duration of light emission from the object is longer than the 
time for one half-revolution of the mirror, then a second set of images or 
streaks will tend to be recorded on top of the first set which have already 
been recorded. To prevent this, some form of capping shutter must be 
employed and several successful designs have been developed. These 
capping shutters are required effectively to close the camera in times of 
the order of 10 microseconds. For objects which remain highly luminous 
for much longer periods, an ordinary mechanical shutter may be required 
as well as a capping shutter. 


4 Single-shot cameras are usually of the Kerr-cell or image-tube variety. 
The Kerr-cell camera consists essentially of a small vessel filled with nitro- 
benzene placed between two polarizers whose planes of polarization are 
set at right-angles to each other. In this condition no light may pass 
through the system. When an electric stress is applied to the nitro- 
benzene, its refractive properties may be altered in such a way that light 
may pass through the second polarizer, and the system may then be used 
as a shutter, the duration of exposure of which is governed by the duration 
of the electrical stress on the nitro-benzene. Using such a system with a 
lens and a film, exposures down to a few nanoseconds have been recorded, 
with good image quality. 

The image-tube consists essentially of a photo-cathode, an electron 
lens, and a fluorescent screen. If an optical image is formed on the photo- 
cathode, then a replica of this image will be formed on the fluorescent 
screen, provided that the correct accelerating potentials are applied to the 
tube to accelerate and focus the photo-electrically emitted electrons. 
The image on the fluorescent screen may be recorded by a lens and a 
film. If no accelerating potential is applied to the tube, then no image 
can be formed on the fluorescent screen. If therefore the accelerating 
potential is applied as a short-duration transient, then a picture on the 
fluorescent screen will be formed only for the time during which this 
transient is applied, i.e., the system is acting as a short-exposure shutter. 
Exposures down to a few nanoseconds have also been obtained with this 
device with reasonable definition. 


Both the Kerr-cell shutter and the image-tube shutter may be accurately 
triggered from an event, and the delay in operation after the reception of a 


IN-2 4 


triggering pulse may be kept quite short, i.e., a fraction of a microsecond. 
The main difference between the Kerr-cell shutter and the image-tube 
shutter may be summarized as follows :— 


The Kerr-cell shutter can in general be expected to give somewhat 
better image quality, but can also be expected to be less sensitive than the 
image-tube shutter, i.e., it requires more light to obtain a satisfactory 
picture. This is due to two reasons; firstly, the Kerr-cell shutter contains 
two polarizing screens and nitro-benzene, all of which will absorb some 
light, and, secondly, it is not in general satisfactory for operation with 
wide-aperture lenses. The image-tube camera can be used with any 
lenses which can be obtained and can in fact be arranged to give a light 
gain within itself rather than a light loss. Its picture will however suffer 
from electron-optical distortions, though with care these can be made 
small. 


5 Image-dissection devices have been used to record a series of pictures 
of objects which are changing rapidly in their configuration. In principle, 
an image-dissection device operates by forming the image as a series of 
small dots. These are separated by distances large compared with the dot 
size, but the number of dots per image is large enough to allow of reason- 
able definition. Since most of the picture consists of space where no dots 
occur, then by a slight movement it is possible to record a second picture 
and indeed many pictures before there is any possibility of overlapping. 
The final result will consist of a composite of all the pictures obtained, 
and any one picture may be unscrambled only by re-projection through a 
system similar to that with which the picture was obtained. 


The image dissection has been performed in the past in two main ways— 
by the lenticular plate, and by the use of an image tube, the photo-cathode 
of which consists of a mosaic of small photo-electrically emitting areas on 
an otherwise inert glass surface. Both these methods enable a sequence of 
pictures to be obtained with reasonable definition for many purposes, and 
the lenticular-plate system has the advantage of relative simplicity and 
cheapness. 


6 In some cases, the events to be studied are occurring behind a screen 
which would prevent light from passing to the camera, and in this case, 
X-rays may be used to obtain a picture. If a short-exposure flash of 
X-rays is produced, then the result will be a short-exposure X-ray picture 
of the event. The obscuring screen may either be a solid object or, in 
some cases, may be a cloud of obscuring smoke such as that occurring 
during an explosion. The main problem in this technique is to produce a 
short-duration, high-intensity burst of X-rays. There is a fairly extensive 
literature on the subject and exposures in the region of 10°* second have 
been recorded. The X-ray picture is produced on normal X-ray film 
sandwiched between intensifying screens. 


Special techniques 


A number of subsidiary techniques may be used in conjunction with 
high-speed photography to render visible the passage of, for example, 
shock waves. The shadowgraph and Schlieren techniques both utilize 
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the refraction of light in a medium of changing density to render visible 
on a photographic emulsion regions in which the density of the medium 
has changed. Interferometric techniques use the variation of optical path- 
lengths in a medium of varying density in order to show up the outlines 
of regions of varying density by the movement of interference fringes. 
These subsidiary techniques may in general be used with any of the 
previously mentioned methods for high-speed photography. 


Emulsions 


In general, it may be said that the speed of an emulsion for high-speed 
photography is indicated roughly by the speed rating for normal use, 
although the difference between emulsions may not be so great as this 
suggests. Some work is being done to measure the relative speeds under 
short-exposure conditions, see reference 5 on page 80 of the Proceedings 
of the Fifth International Congress on High-Speed Photography (see 
Bibliography). 

Frequently, it is not possible to decide in advance which emulsion gives 
the optimum results—too fast an emulsion introduces graininess, while 
too slow an emulsion gives either a very weak image or none at all. The 
measurement of the light intensity on an absolute basis for short intervals 
of time is difficult, and more work is needed on this aspect of the subject. 


Applications 

High-speed photography is being widely used by industry, by Govern- 
ment departments, and by universities for a wide range of problems. The 
subjects which have been studied by high-speed photography include the 
observation of the behaviour of machinery at high speeds; the functioning 
of electrical relays; the flow of metals during punching operations; the 
behaviour of high-speed weaving and knitting machinery; welding; the 
flow and burning of fuel and air in petrol and diesel engines ; the shattering 
of glass under impact; a large number of problems associated with the 
design and stability of aircraft; the aerodynamic behaviour of a wide 
range of objects such as street decorations, television aerials, motor-cars, 
suspension bridges, chimneys, and boiler-tubes; the measurement of 
blood-ceil velocity in living animals; cavitation in hydraulic machines; 
boundary-layer flow on screw propellors; nucleate boiling of liquids; the 
motion of live biological specimens; and the motion of the human vocal 
chords emitting different sounds. High-speed photography has also been 
extensively used to record the behaviour of explosives and is proving 
extremely useful in research towards the attainment of a controlled 
thermo-nuclear reaction. This list of applications is not intended to be 
exhaustive but is merely indicative of the sort of problems which have 
been studied by means of high-speed photography. Reference to the 
literature on the subject will produce many more examples in these and 
other fields. 
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AUTOMATIC RECORDING OF 
INSTRUMENT PANELS 


By the courtesy of W. Harvey, F.R.P.S. 





THE photographic recording of instrument panels offers many advantages 
over manual observation, especially the possibility of making simultaneous 
records of a number of dials at controlled intervals of time. It is usually 
most convenient to fit all 
the dials concerned and the 
camera into a special unit 
known as an “automatic 
observer’? (Figure 1). 
Some automatic observers 
have to be fitted into very 
confined spaces, e.g., in 
aircraft, and this prevents 
the use of conventional 
methods of lighting; 
trouble may also arise due 
to shadows from bezels or 
specular reflections from 
the instrument glasses. 
The design of an efficient 
unit is affected by the type 
of camera available as well 


as by the number of " i, wae ; . : 
instruments to be recorded, igure 1. An “ automatic observer used in 

d ‘iility f aircraft, incorporating a panel of about thirty 
and easy accessibility 10r instruments and a 35 mm camera. Courtesy 
servicing. Gloster Aircraft Limited 





Type of camera 


Provided that it can be focused down to a close enough distance, a 
normal 16 mm cine camera can be quite satisfactory and if it has a good 
quality Jens, excellent results may be obtained on a panel not exceeding 
about twelve instruments of standard aircraft pattern. It should prefer- 
ably have a single-exposure device and a lens aperture of at least /2°7. 
‘Cine-Kodak’ Model B cameras have been converted to electric drive, 
slowed down to about five frames per second to economise in film, and 
fitted with 15 mm //2°7 lenses, operation being by means of a press button 
for remote control. In some cases, a clockwork-driven camera can be 
tripped electrically by means of an escapement fitted internally and oper- 
ated by a solenoid. If there is no means of visual focusing, it may be 
necessary to cut a hole in the back pressure plate to allow the image to be 
seen on a matt film placed in the gate. A thin shim or packing washer 
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may be required under the mount to bring the lens far enough forward if 
the mount does not focus down to the near distances normally required in 
this work. 


The first requirement is to decide the minimum size of panel to be 
recorded and the space available for the camera and lighting equipment. 
Reference to the tables in Data Sheet CN-5 will enable the correct lens 
to be selected for these conditions. It will normally be found that the 
camera has to be placed between 18 inches and 4 feet from the panel, 
depending upon its size and the lens available. In some cases it may be 
desirable to have the camera still further away, so that it can be placed 
in a more convenient position ; this can be done, without reduction of 
size of the instruments on the film, by the use of a lens of longer focal 
length. In most cases, however, the need is for greater economy of 
space and it is usual to place the camera in or behind the instrument 
panel, which is photographed by means of a mirror, as in Figure 2. 
Such a mirror must be of high quality, as flat as possible, and preferably 
surface-silvered. A sheet of highly-polished stainless steel or chromium- 
plated brass is often convenient. The reversal of the image from left to 
right is immaterial as the film can be examined from the other side. 

When more dials have to be recorded than can be photographed on to 
a 16 mm film frame without loss of definition, a larger camera has to be 
used. 35 mm cameras are usually convenient, though they have to be 
modified for the purpose. In some cases aero cameras, specially adapted 
for close work, can be used, particularly for very large panels (Figure 3). 
These are conveniently actuated from a Type 35 control, which enables a 
range of exposures to be made at various intervals. The method of 
installing these larger cameras is essentially similar to those for 16 mm 
cameras mentioned above. 

The automatic observer should be insulated from vibration as far as 
possible. This is best carried out by designing the whole structure as a 
rigid unit and mounting it on rubber or springs (see Data Sheet EQ-6). 


ef] <— TOP LIGHTING 





Figure 2 (b). Side view of the arrange- 


Figure 2 (a). A photograph of a ment for making the photograph 2 (a). 
panel of dials from a _ negative The camera lens can be seen just above the 
18 x 24 mm on 35 mm film centre light in 2 (a) 


Courtesy Gloster Aircraft Limited 
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Individual anti-vibration mounting of dials or camera should be avoided 
as this merely accentuates blurring due to relative movement. For high 
altitude aircraft work the observer should be thermostatically heated. 


Instruments 


The best records are obtained 
from instruments having clearly 
marked white scales and figures on 
a black ground. Some hand-marked 
scales have a tendency to be rather 
grey and do not record well. 
Where feasible, translucent figures 
on an opaque ground, lit from 
behind, provide ideal conditions, 
economise greatly in consumption 
of electricity and prevent heating 
troubles. Special dials can often 
conveniently be made from the 
original standard ones by means of 
photographic techniques. 


Lighting 


The type of lighting to be used 
depends upon the aperture of the 
lens, the speed of the film and the 
degree of development. Some trial 
and error may be needed to obtain 
the correct intensity. As an example, Figure 3. An observer employing an aero 
a panel measuring 9 inches by 12 camera taking negatives 5}-in. square. 
inches can be successfully lit by two Courtesy D. Napier and Son Limited 
banks, each of eight 6-watt, 24-volt 
festoon lamps mounted on bars about two and a half inches in front of the 
panel, one being two inches above it and the other two inches below it 
(Figure 4). This is adequate for 16 mm ‘Plus-X’ Negative film with an 
exposure of 1/10th sec at f/2°7. If space permitted the addition of side 
lighting, trouble due to bezel shadows could be eliminated. Another 
method of lighting is to place a small hooded lamp at each of the interstices 
between the instruments. Each lamp lights the opposite side of the dial to 
its own. Very large panels may be illuminated by a ring of small lamps 
in reflectors some distance in front of the panel. This method produces a 
dead area in the centre of the panel, where it is impossible to place instru- 
ments unless their glasses are removed. Corner spotlights directed away 
from the centre line of the set-up may be needed to balance the tendency 
to over-light the middle of the panel. If desired, exposures may be made 
by flashing the lights instead of using a shutter. 

The best method of lighting when space is restricted is to employ 
polarized light. The light from the lamps is made to vibrate in one plane 
by passing it through a Polaroid filter, or ‘Pola’-screen (see Data Sheet 
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FT-11). The reflections from the glass, remaining polarized, can be cut 
off by using a second ‘Pola’-screen over the lens, with its axis of trans- 
mission at right angles to that of the lamp filter. A percentage of the 
depolarized light from the dials passes through the taking filter to give a 
very clear image on the film (Figures 5, 6, and 7). 


This sytem has the advantage that lighting can be placed normal to the 
panel and bezel shadows can be completely eliminated. A panel, 9 inches 
by 12 inches, and similar to the one previously mentioned, can be lit by two 
banks, each of three 36-watt, 24-volt car-type lamps at 14 inches from the 
panel (Figure 8), using the same camera and film. Instruments fitted 
with safety glass may give rise to strain patterns when lit with polarized 
light, and steel Veeder counters with black figures do not record well. 
Sometimes the former can be cured by rotating the glass until the effect 
disappears. The latter trouble can be avoided by having white instead of 
black figures. Filament hot spots may be eliminated by small masks, if 
necessary. 


Choice of film 


The film used depends 
upon the intensity of lighting 
available ; in a small space, 
too many lights may cause 
overheating and a faster film 
will have to be used with a 
lower lighting level. Other 
things being equal, it is 
always better to employ the 
slowest possible film consist- 
ent with full exposure, as this 
Lowe ensures maximum retention 

atten} Of detail. Inthe 16 mm size, 
there is a wide range of 
es i ee : 1 Tee apie fess panchromatic reversal and 
igure 4. ninstrumen janet til W1 estoon 4 . 1 
ae Courtesy D. None and Son Limited paar Sis ee 
CN-2, together with the 
Data Sheet numbers of the individual films. R.55 recording film is 
also available (see Data Sheet FM-60) ; this is orthochromatic, has a 
very high speed and an unusually high degree of contrast for its speed. 
It is processed by the user to a negative. In the larger sizes there is 
a variety of films, availability depending upon the type of camera in 
use; Kodak Limited will be pleased to advise on a suitable choice 
if given particulars of the equipment. 





Processing 

‘Kodak’ Reversal Movie films are normally reversal processed to a 
positive by Kodak Limited; other films are intended to be developed to 
a negative by the user, or by a cine processing laboratory. Normally, the 
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negative can be read direct but positives can be made, if necessary, by 
contact printing or enlarging. 
Methods of development 
depend upon the size of film: 
16 mm film can be processed 
on drums or frames in deep 
tanks, and other sizes can be 
handled on commercially nals 
available equipment of 
various kinds (see Data Sheet 
PR-4). 

In general, records are most 
easily legible when developed “| camera 
to the highest contrast in an INSTRUMENT TAKING FILTER 
energetic developer such as 
‘Kodak’ D-19b developer. : Figure 5. Diagram showing the principle of 

On the other hand, this using polarized light 
may lead in some cases to 
spread of the image, which 
impairs definition, and it 
always accentuates any in- 
equalities in the lighting of 
various parts of the panel. 
Where this is unavoidable, it 
is better to develop to a lower 
contrast by reducing the 
development time or by using 
a softer-working developer 
such as D-76 or ‘Microdol’. 
‘Microdol’ also reduces the 
graininess and is helpful when Figure 6. Automatic observer complete using 
the fastest films have to be polarized lights. Courtesy D. Napier and Son 
used, though it reduces their Limited 











Figure 7 (a). Photograph of a panel Figure 7 (b). Photograph of the same 
taken without polarized light. panel taken under the same con- 
Courtesy D. Napier and Son Limited ditions, but using polarized light. 


Courtesy D. Napier and Son Limited 
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effective speed slightly. 
Where possible, it is better 
to use a slower film, when 
maximum detail is re- 
quired, rather than a very 
fast film with a fine-grain 
developer. 


The processed film is 
usually read by projection 
on toascreen. A standard 
type of projector may be 
used, but if the frames are 
to be read individually a 
much lower-wattage bulb 
than usual should be fitted 
and a smaller screen used. 
A micro-film reader is also 
very useful for this 
purpose. 





Figure 8. Underneath view of the hood showing 
the polarizing filters over the lamps. Courtesy 
D. Napier and Son Limited 
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PHOTOGRAPHY IN THE DRAWING OFFICE 





PHOTOGRAPHY plays an important role in the reproduction of drawings, 
tracings and plans as used by engineers, architects, etc. Methods avail- 
able for undertaking this work fall into two broad divisions—copying by 
contact, to produce ‘same-size’ reproductions; and copying with the aid of 
equipment incorporating a lens system, to produce copies of various sizes. 


BY CONTACT 
Kodak Office-Copiers 


Kodak Office Copiers are compact pieces of document-copying equip- 
ment for producing one or more same-size copies from any printed, 
drawn, written, or typed original, up to and including 14x 18 inches in 
size. 

Further details are given in Data Sheet DC-3, or may be obtained from 
the Office-Copy Sales Division of Kodak Limited at 246 High Holborn, 
London, W.C.1. 


Kodak Chemical Transfer Process 


The chemical-transfer process provides a quick, easy, and relatively 
inexpensive means of reproducing documents. The process is extremely 
versatile in use; with the appropriate materials and chemicals, it is possible 
to make satisfactory copies of a wide range of very different originals. 


‘Kodak’ CT materials are suitable for all copiers using the transfer 
method. These materials provide an ideal means of making single or 
multiple copies, air-mail copies, double-sided copies, and translucent 
intermediates for dye-line printing. Full details of the chemical-transfer 
process are given in Data Sheet DC-4. 


Kodagraph ‘Autopositive’ Papers 

Photographic materials which are of special interest in the drawing 
office are the Kodagraph ‘Autopositive’ Papers. As their name suggests, 
they provide a means of producing a direct positive copy from an original 
by contact printing and normal development. They are of suitable speed 
for exposure in a dye-line machine, or in a contact-printing device having 
high-intensity illumination in the exposing plane, such as the ‘Duostat’ 
Printer, Model 30/40 (see Figure 1). Regardless of the type of illumina- 
tion employed, a ‘Kodak’ Flexible Filter must be used. The filter may be 
placed anywhere between the light-source and the sandwich of the 
original and the printing paper, all other light having been excluded. 
Normally, the ‘Kodak’ Flexible Filter $.58/2 (yellow) is used, but where 
dye-line machines having very high-intensity illumination are employed, 
the ‘Kodak’ Flexible Filter $.60 (orange) should be used to enable the ex- 
posure to be more easily controlled. 

The contrast attainable in the image produced on ‘Autopositive’ Papers 
is exceedingly high; it is thus possible to produce copies of greater 
legibility than the original. 
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‘Autopositive’ Papers are available in a variety of base weights, most of 
which are sufficiently translucent to permit short exposures when they 
are used, instead of tracings, as intermediates in a dye-line machine. 
The high-contrast image produces dye-line prints of excellent quality. 


‘Kodak’ Auto-Processor, Model Q33;84: This is a surface-application 
processor for the automatic processing of copies of engineering drawings, 
etc., at the rate of 10 feet of paper per minute. These copies will have 
been made on ‘Autopositive’ Papers (up to a maximum of 33) inches 
wide), and on ‘Kodagraph’ Q Papers (in sheets, or in lengths cut from 
rolls 30 inches wide). 

Further details of these papers and their methods of use may be found 
in Data Sheet DC-1, or may be obtained from the Reprographic Sales 
Division of Kodak Limited at 246 High Holborn, London, W.C.1. 
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Figure I. The ‘Duostat’ Printer Model 30/40 


‘Kodak’ negative papers 

Materials suitable for making reflex or transmission negative copies 
of drawings and plans are ‘Kodagraph’ Contact Paper, Thin, C13, and 
“Kodagraph’ Slow Contact Paper, SC3, which can be handled in subdued 
room lighting, or, where shorter exposures are required and safelighting 
can be used, ‘Kodagraph’ Rapid Contact Paper, Thin, RC23 (about 
three times as fast as ‘Kodagraph’ Paper C13). The copy thus obtained 
will be a mirror-image negative, which must be printed by transmission 
on to another sheet of paper to obtain a positive reproduction of the 
original, or, if dye-line prints are required, on to one of the series of 
“Kodagraph’ materials made for use as intermediates in the dye-line 
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process. Further information may be found below under the heading 
“Duplicate intermediates for dye-line printing”. 

Originals may be copied on a contact printer which incorporates the 
‘Kodak’ Flexible Filter $.58/2 (yellow) necessary for the making of 
optimum-quality negatives. An additional requirement, when copying 
large originals, is that the printer should be equipped with a vacuum 
blanket to ensure good all-over contact between the sensitized material 
and the original, and thus avoid loss of definition. An example of a 
printer which meets both these requirements is the ‘Duostat’ Printer, 
Model 30/40 (see Figure 1). 

“Kodagraph’ Contact and ‘Autopositive’ Papers are often used to make 
additional copies of dye-line prints. The flexible filters described above 
help to produce excellent copies from dye-line prints, using the reflex 
printing technique. (Further detailed information on both the reflex and 
the transmission printing techniques will be found in Data Sheet DC-1). 


Duplicate intermediates for dye-line printing 


Copies of original tracings, etc., are often required to serve as inter- 
mediates for the production of dye-line copies for the following reasons. 


| The originals themselves may be valuable. 


2 They may not be robust enough to withstand the wear and tear in- 
volved in being passed repeatedly through a dye-line machine. 


3 They may not be sufficiently high in contrast to produce satisfactory 
dye-line prints direct. 


4 More than one copy of the intermediate may be required, e.g., for 
sending to branches, or when a great number of dye-line prints is required 
and more than one intermediate would facilitate production. 

Intermediates can be made direct from the original on to one of the 
following Kodagraph ‘Autopositive’ Papers—A40 which is on a micro- 
thin base, A42 which is on an ultra-thin base, or AT47 which is coated 
on an ultra-thin, transparentized base to permit faster printing speeds in 
dye-line machines. 

Transmission negatives can also be made from the original tracings on 
to ‘Kodagraph’ Contact or Rapid Contact Papers, and positive inter- 
mediates can then be made from these negatives, by transmission, on to 
one of the following materialk—‘Kodagraph’ Contact Paper, Ultra-Thin, 
C12, ‘Kodagraph’ Contact Tracing Cloth, C18, or ‘Kodagraph’ Contact 
Waterproof Translucent Paper, CWT19 for maximum translucency and 
resistance to the wear and tear involved in being passed repeatedly through 
a dye-line machine. ‘Kodagraph’ Contact Film, ‘Estar’ Base, EC4 is also 
extremely suitable for this purpose, being coated on ‘Estar’ polyester 
support which provides very high resistance to tearing, and a very high 
degree of dimensional stability for a flexible film base. Both of its sur- 
faces are matted to facilitate pencil or ink annotations. 

Full details of the range of ‘Kodak’ materials for document and plan 
reproduction may be obtained on application to the Reprographic Sales 
Division of Kodak Limited at 246 High Holborn, London, W.C.1. 
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BY PROJECTION 
Camera copying 


When facilities are available, drawings, etc., can be photographed with 
almost any camera. The negative produced can then be enlarged on to 
one of the special projection document papers or films. 


The choice of negative material is dependent largely on the type of 
original, and suggestions are classified in a table given in Data Sheet GN-1. 


The range of document printing materials which can be used to make 
positive copies is as follows: 
‘Kodagraph’ Projection Paper, Ultra-Thin, P82 and ‘Kodagraph’ Pro- 
jection Paper, Ultra-Thin, PQ1: These papers are coated with a high- 
contrast, blue-sensitive emulsion of a speed suitable for projection printing. 
Their extra light-weight base makes them particularly suitable for the 
production of master positives for subsequent dye-line printing, and of 
file copies or copies for transmission by letter post. 


‘Kodagraph’ P82 Paper is designed for conventional dish processing, 

and ‘Kodagraph’ PQ] Paper is designed primarily to be processed in the 
‘Kodak’ Auto-Processor, Model Q33/84. 
‘Kodagraph’ Projection Paper, Light-Weight, P84 and ‘Kodagraph’ Pro- 
jection Paper, Light-Weight, PQ4: These are the standard enlarging 
papers for all final-copy work. They have a pure-white base and a high- 
contrast bromide emulsion of a speed suitable for projection printing. 
These papers are tough and hard-wearing enabling large sheets to be 
handled without the risk of damage, and the smooth-matt surface will 
accept pencil or ink annotations. 


‘Kodagraph’ P84 Paper is for dish processing, and ‘Kodagraph’ PQ4 
Paper is designed primarily for processing in the ‘Kodak’ Auto-Processor, 
Model Q33/84. 


‘Kodagraph’ Projection Paper, Rough Single-Weight, P85: For making 
enlarged reproductions of maps, architectural drawings, and all fine-line 
charts or diagrams which need colouring. It is coated with a high- 
contrast, blue-sensitive emulsion having a specially prepared rough 
surface. 


‘Kodagraph’ Projection Tracing Cloth, P88 : This material has an emulsion 
of projection speed, with the characteristics of a hard grade of bromide 
paper, coated on a translucent cloth base which has been made water- 
proof by lacquering on both sides. The cloth is primarily intended for 
use in drawing offices to make intermediates to be used with dye-line 
processes. A dyed gelatin backing prevents curling and halation. 
‘Kodagraph’ Projection Waterproof Translucent Paper, PWT89: A high- 
contrast bromide emulsion on a waterproofed, highly translucent base, 
suitable for the making, by projection, of translucent intermediates for 
dye-line printing. 

‘Kodagraph’ Projection Film, ‘Estar’ Base, EP4: This film is coated 
on ‘Estar’ polyester support which provides very high resistance to tearing 
and a very high degree of dimensional stability for a flexible film base. 
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‘Photostat’ copying 


Basically, the ‘Photostat? Machine No. 4 is a large semi-automatic 
camera suitably designed for the easy and inexpensive copying of 
drawings, etc. The copies are photographic facsimiles made direct on to 
sensitized paper. No intermediate film or plate is needed, and the first 
copy is immediately useable. 


The ‘Photostat’ Machine can be efficiently operated by unskilled labour 
after a short period of instruction. The document is placed on the copy- 
board, the camera mechanically focused, and the exposure made by pulling 
the shutter cord. This photographs the document on to the sensitized 
paper held in roll form in the camera magazine. 


After exposure, the paper is processed semi-automatically in dishes 
within the machine itself. The copy passes straight from the camera to 
the developing bath after being cut from the roll by a shear-blade; after 
development it is moved on to the fixing bath. 


Apart from the ‘Photostat’ Machine itself, all that is required is some 
form of illumination for the copy-board, and running water for the final 
washing of prints after fixing. 


Two kinds of ‘Photostat’ copies can be made :— 
1 Negative copies, which are produced direct from the original. 
2 Positive copies, which are produced by recopying the negative. 


Negative copies show tones reversed (white as black, and black as white), 
but they are right-reading and are perfectly satisfactory for many copying 
jobs. Positive copies show no tone reversal and are replicas, in black- 
and-white, of the original. 


The ‘Photostat’ Machine can make copies up to a maximum of 18 x 24 
inches from originals of up to 36x48 inches. Copies are frequently 
made the same size as the original, but the machine can very quickly be 
set to make copies within the scale half size to twice size. 


Further details are available from the Reprographic Sales Division of 
Kodak Limited at 246 High Holborn, London, W.C.1. 


‘Statfile’ recording 


‘Statfile Recorder No. 3: Of particular value in saving storage space 
occupied by drawings or other large documents is the ‘Statfile’ system, in 
which originals of any size up to 40 x 60 inches are reduced down on to 
relatively small film negatives. These negatives, on safety film, can be 
stored very easily in a small space and are much more readily accessible 
than the originals. 


Originals are accommodated in the easel and, according to their size, 
the camera is locked on the bed at the appropriate reduction scale setting; 
focusing is by means of a similar scale adjustment. Negatives are made 
on ‘Kodagraph’ Ortho Film KO5, a fine-grain, orthochromatic, sheet- 
film material, in half-plate (43 x 64 inches) size; the originals may be of 
any size up to 40x60 inches. The films are loaded into standard double 
film-holders or, where large quantities of work are being handled, a special 
roll-holder may be used, taking a roll which can accommodate up to 300 
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Figure 2. The ‘Statfile’ Recorder, Model No. 3 


half-plate exposures. Additionally, with the ‘Statfile’ 70 mm Conversion 
Unit, the recorder can be adapted to the use of 70 mm film, with the 
following advantages : 

| High-speed film negative production in spool form for mass recording 
of engineering drawings. 

2 Lower cost of film recording by the use of 70 mm film, giving an image 
size of 23 x 4 inches. 

3 Still further reduction of storage space by the reduced size of film. 

4 The speeding up and simplification of negative processing by spool 
development. 

The ‘Statfile’ Recorder No. 3 (see Figure 2) can instantly be converted 
into an enlarger by means of which the negatives may be enlarged back 
to the original or any intermediate size. This is done by replacing the 
camera-back with an illuminating head and negative carrier. By making 
enlargements direct on to translucent-base materials, translucent copies 
can be produced photographically from original drawings. These mat- 
erials are, ‘Kodagraph’ Projection Paper, Ultra-Thin, P82, ‘Kodagraph’ 
Projection Paper, Ultra-Thin, PQ1 (processed in the ‘Kodak’ Auto- 
Processor, Model Q33/84), ‘Kodagraph’ Projection Tracing Cloth, P88, 
“Kodagraph’ Projection Waterproof Translucent Paper, PWT89, or 
“Kodagraph’ Projection Film, ‘Estar’ Base, EP4. This completely eliminates 
any need for checking and also means a great saving of time. 
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‘“Statfile’ Viewprint Processor, Model 70: This is a combined viewer, 
printer, and processor, designed for use with 70 mm negatives. It gives 
an image magnified 5 times on a screen which may be read clearly even 
under normal lighting conditions. Enlarged prints for immediate use 
can be produced automatically in 2 minutes, without the need for a dark- 
room. 

Further details of ‘Statfile’ equipment and of all the relevant materials 
are available from the Reprographic Sales Division of Kodak Limited at 
246 High Holborn, London, W.C.1. 


‘Recordak’ copying 


In this process the originals are recorded by means of special microfilm 
cameras, etc., on to miniature film. 

The Recordak ‘Micro-File’ Camera, Model HMRG, can copy docu- 
ments up to 45 x 63 inches on to a 100-foot length of 35 mm film. The 
‘Micro-File’ Camera, Model MRD-2E, is somewhat smaller and will 
copy originals up to 26x36} inches on to 35mm film. Both these 
cameras produce film negatives suitable for use in aperture-card systems. 





Figure 3. The ‘Recordak’ Precision Reader/Printer, Model P1824 
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Several readers and printers are available for viewing the microfilm 
images so produced, e.g., the ‘Recordak’ Archival Reader, and the 
Recordak ‘Magnaprint’ Reader, Model PE-1A, both of which are also 
suitable for viewing microfilm mounted in aperture cards. 


‘Recordak’ Precision Reader/Printer, Model P1824: (see Figure 3). This 
allows for the combined viewing of film (mounted in aperture cards 
or in acetate envelopes) and the subsequent making of high-contrast 
right-reading or reverse-reading photocopies completely automatically. 


Recordak ‘Prostar’ Film Processor, Model HDVR: This is a very 
compact, completely automatic processing unit for microfilm in 16mm and 
35mm widths. Films are completely processed automatically at the rate 
of 5 feet per minute. 


Further details are given in Data Sheet DC-1, or may be obtained from 
the Recordak Division of Kodak Limited at 246 High Holborn, London, 
W.C.1. 


Kodak, Kodagraph, Autopositive, Duostat, Estar, Magnaprint, Micro-File, 
Photostat, Recordak, Statfile, Verifax, and Prostar are trade marks 
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PHOTOGRAPHIC TECHNIQUES IN MOTION STUDY 





THE tempo of modern industry, with its increasing costs makes it impera- 
tive, now more than ever, that production demands should be met through 
the greatest economy in both labour and materials. The present century 
has seen the realisation of this dual economy in the specialist activities of 
engineers whose minds and energies are devoted to work study. 

Work study embraces a very wide field and the details of its scope are 
too numerous to mention here. However, one branch of work study 
which, when practised by an expert, is often productive of spectacular 
results, is that of motion study. The function of the motion-study special- 
ist is, as one would suppose, the study of movement in a work context. 
This study is directed to the building up of a minimum sequence of move- 
ments, all of which are essential and contribute to a maximum efficiency 
in the performance of a task. The motion-study engineer has at his 
disposal a variety of techniques in the practice of his profession and he 
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A typical chronocyclegraph 


uses that which is suitable to the study on which he is engaged. 

The first stage in any motion-study investigation is the observation and 
record of present practice. In many cases observation may be made 
visually and record of movement made at the work site. The technique 
of visual observation would be adequate for many studies, e.g., the study 
of a factory transport problem, but since much of the motion-study 
engineer’s work involves the analysis of movement into its basic elements, 
the visual method of observation is inadequate in this type of study and 
some other technique must be employed. Of the different techniques 
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available to the motion-study engineer, two of the most important are 
based upon the use of photography; these are :— 

Micro-motion study 

Chronocyclegraph study. 


MICRO-MOTION STUDY 


Micro-motion study, as the term implies, is the study of minute move- 
ments, and it is used when it is desired to analyse broad movements into 
their elemental constituents. 

To a lay observer, the movements employed by an operator at work may 
appear to be quite simple and necessary to the performance of the task, 
whereas, in fact, they are all complex, and many of them on analysis are 
found to be unessential. The speed at which a skilled operator performs 
various movements may make visual observation an impracticable tech- 
nique and it is in such cases that one of the many applications of photo- 
graphy in industry proves its value. A cine-film record of an operator at 
work performs the dual function of observation and recording and, most 
important, records all movements, however short their duration or 
amplitude. It permits movement to be “‘frozen” at any point in the work 
cycle and is thus invaluable for analysis purposes. 

It is recommended that 16 mm film and apparatus be used for this 
purpose. 


Taking the micro-motion film 


For general purposes the cine camera used should be reasonably 
versatile. It should be fitted with a lens of large aperture (f/1-9 or f/1°4) 
should accept 100 ft spools or magazines of film, and should operate at a 
range of speeds up to at least 64 frames per second. 

Other features which are desirable, but not essential, are the possibility 
of fitting an electric-motor drive to give long uninterrupted runs, of 
altering the exposure time independently of the camera speed, and of 
changing the lens. All these features are found in the ‘Cine-Kodak’ 
Special II Camera (see Data Sheet EQ-1). For short-cycle studies quite 
a simple camera may be used, and the ‘Cine-Kodak’ Model BB Camera 
with an f/1-9 lens will be found perfectly satisfactory. The use of a rigid 
tripod is almost essential. Lighting can be relatively simple: 2 to 4 
Photoflood lamps in ‘Kodaflector’ reflectors will be found to furnish ample 
illumination for all ordinary purposes. 

16 mm Cine-Kodak ‘Plus-X’ Reversal Film (Data Sheet FM-12) is 
recommended generally for work in monochrome, but if the available 
illumination is at too low a level, the use of the faster, 16 mm Cine-Kodak 
*“Tri-X’ Reversal Film (Data Sheet FM-11) may be desirable. The use of 
colour film is of great value for some subjects; tonal separation achieved 
by colour differentiation gives a clearer understanding of the subject’s 
movements. 

A special clock (called a micro-timer) scaled in divisions of 1/2000th 
minute may be included in the field of view to give a time base to the 
record. This is not always possible and may be unnecessary since most 
reputable cameras operate sufficiently closely to the speeds indicated on the 
speed control, for this type of work. 
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Some workers have found great benefit in the use of stereoscopic cine- 
film records. These may be made by the use of a stereoscopic beam- 
splitter attachment over the lens of the cine camera, and a similar device 
over the projector lens. The projected picture is then viewed by special 
spectacles having ‘Polaroid’ lenses. Stereoscopy in colour even further 
enhances the life-like quality of the picture. 

General advice on lighting, exposure, and camera operation will be 
found in Data Sheet CN-1. 


Analysing the film 


The resultant film, returned from processing as a positive ready for 
projection, is analysed frame by frame, and the basic elemental movements 
recorded on an analysis chart. By far the best way of analysing the film is 
to view it by projection using a ‘Recordak’ Reader (see Data Sheet DC-1). 
As an alternative, an ordinary 16 mm cine projector may be used. Some 
have “single-frame”’ devices which are intended for use for short periods, 
but if it is desired to examine individual frames for prolonged periods, a 
lower wattage lamp than that recommended should be used in the projector. 

A rigid projection screen is, of course, essential; the ‘Celfix’ and similar 
type screens are extremely convenient in use, as they fold into a small 
space when not required. 


CHRONOCYCLEGRAPH STUDY 


Often during the course of a motion-study investigation, the path of 
movement, as distinct from the functional aspect, is the point of interest. 
Here, as before, visual observation is not always adequate for its full 
appreciation, and again resort must be made to a photographic technique. 

The chronocyclegraph is a means whereby the path of a movement, 
from its beginning to its end, is presented pictorially. This is attained by 
affixing small pea-lamps to the moving members and adjusting the ratio of 
the general lighting of the subject to the intensity of the pea-lamps, so that 
an exposure may be given which will enable the whole path of movement to 
appear as a trace on the photographic film or plate. For the entire dura- 
tion of the operation which it is desired to analyse, the camera shutter is left 
open and a final general exposure may be given to establish the position of 
the operator relative to the work. The illustration on page 1 shows a 
chronocyclegraph of a testing procedure in an optical workshop. 

In the chronocyclegraph proper, the traces of the path of movement are 
shown as a series of pear-shaped spots, which effect is obtained by arranging 
that the pea-lamps are flashed at a predetermined frequency and intensity. 
The characteristic of the light is a flash with a slowly dying tail resulting in 
a pear-shaped dot on the negative; the tail indicates the direction of 
movement. Itis obvious that where the frequency of the flash is known, a 
ready time base is available which can be applied by counting the dots. 

More simple than this is a cyclegraph, which shows the path of a move- 
ment as a continuous line of light. In this case the pea-lamps are made to 
shine continuously and not to flash intermittently. 

Chronocyclegraphs and simple cyclegraphs may be taken with almost 
any camera, but it is desirable that the lens of the instrument used should 
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have a wide aperture, say not less than //4-5, to facilitate focusing, and be 
capable of being stopped-down to f/22; for much work a short-focus wide- 
angle lens is an advantage. 

Any of the normal continuous-tone negative films or plates may be used 
for these studies, but a relatively high contrast is frequently of more value 
than high speed. 

In this technique, as in micro-motion study, the use of colour or stereo- 
scopy, or both in combination, can help in the analysis and interpretation 
of results. 


BIBLIOGRAPHY 
R. M. Barnes, Motion and Time Study, John Wiley, 3rd edition, 1949. 


A. G. Shaw, The Purpose and Practice of Motion Study, Harlequin 
Press, 1952. 


J. W. Hendry, Manual of Time and Motion Study, Pitman, 5th edition, 
1957. 


Cine-Kodak, Kodaflector, Plus-X, Tri-X and Recordak are trade marks 
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RECORDING TEMPERATURE DISTRIBUTION 


DIRECT RECORDING 


If an object reflecting or emitting light is photographed on a pan- 
chromatic film or plate, the negative is a record of the distribution of 
brightness over the surface. If suitable precautions are taken the actual 
brightness at different points on the surface of the object can be determined 
quantitatively. Similarly, if the infra-red radiation emitted by hot 
objects is recorded on an infra-red sensitive film or plate, some idea of the 
distribution of infra-red emissivity, which is related to the temperature of 
the surface, may be obtained. 


Infra-red photography is applicable to the study of the distribution of 
the temperature of surfaces from about 350°C to the temperature at which 
visible radiation is emitted, approximately 550°C. Above this latter 
temperature it is simpler to use ordinary panchromatic materials, and 
below about 350°C the exposure times are too long. 





In order to be able to interpret infra-red exposures of hot bodies 
quantitatively, it is necessary to employ the precautions used in photo- 
graphic photometry. The most important of these is to include on the 
negative a series of exposures to a standard hot body maintained at known 
temperatures. This can be done by photographing a small heated metallic 
object, the temperature of which can be measured by physical means, or a 
triangular piece of metal foil through which an electric current is passed. 
Such a foil will vary in temperature according to its width and can be 
calibrated with a pyrometer or thermocouple. 


The temperature range which can conveniently be covered by any one 
exposure is about 60-120°C, the actual position of this range on the 
temperature scale determining the exposure required. If the temperature 
variations over the surface of the body are greater than 120°C then the 
density range on the film or plate will not be so easily translatable into 
accurate temperature measurements. When the record is confined to a 
range of 60°C or less, temperature differences of 15°C are easily recorded. 


Recommended ‘Kodak’ materials 


High Speed Infrared Film* for minimum exposure 
IR.ER. Infra-Red Extra-Rapid Plate for better differentiation 
of moderate temperature 


Infrared Film (35mm) differences 


Scientific Plate III-R* for sharp differentiation of small temperature 
differences. This material requires approximately 10 times the 
exposure necessary for IR.ER. plates 

P.1200 plates for temperatures above 550°C 

* Available to special order only. 
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Exposures obviously depend on the surface temperature and must be 
determined by experiment in any particular case, but the following data 
will act as a guide: 
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TIME OF EXPOSURE (SECONDS) AT £/4°5 


Recommended filters 
‘Wratten’ No. 29 — transmitting from 600 mu. 


” »” 70 ” ” 650 my 
” ” 88A ” ” 720 mu 
”» ”» 87 2” ” 740 my 


INDIRECT RECORDING 


There are several paint-like preparations, available commercially, 
which will change colour when heated to a specific temperature. These 
colour changes are normally irreversible, and individual preparations may 
exhibit as many as four different changes at successive temperatures. 
By applying one of these substances to a hot body it is possible to produce 
on its surfaces a visible representation of the temperature distribution; 
this may be photographed in colour or monochrome if a record is required. 


APPLICATIONS 


These techniques have been applied to tracing heat losses in furnaces 
due to weaknesses in the insulation, hot metal ingots, cylinder head and 
exhaust manifolds of internal combustion engines, temperatures of 
furnace walls, metallic welding operations and distribution of surface 
temperature in many kinds of electrical heating appliances and radio valves. 
Infra-red photographs of superheated steam lines, showing the loss of heat 
in non-insulated parts, have been used effectively in the advertisements 
of manufacturers of insulating materials. 
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SULPHUR PRINTING OF STEEL 


SULPHUR printing is a method of revealing the presence and position in 
steel of particles of sulphides, the distribution of which depends on the 
process of crystallisation. 

A sheet of bromide or chloride paper soaked in a3 to 5 per cent. sulphuric 
acid solution is applied to the polished surface of the specimen. The acid 
reacts with the sulphides with local liberation of hydrogen sulphide, 
which in turn reacts with the silver salts in the photographic paper, forming 
brown-black silver sulphide. A stain is also produced in the presence of 
phosphorus and arsenic, and various modifications have been put forward 
to avoid ambiguity. The “exposures” should be standardized so that the 
variation in intensity of the stain is an indication of the relative amounts 
of sulphur present in the various areas. 

The surface should be wiped down with a benzene-soaked rag to 
remove filing dust and any trace of grease from the surface before ‘“‘print- 
ing’’. 

For rough prints, the paper can be soaked in the acid solution and 
applied to the machined surface. For a good print full of detail, the surface 
of the specimen should be planed, filed and finished with 150 ‘Carborun- 
dum’ paper. In either case, the paper is squeegeed into contact with the 
surface. Medium or high carbon steels tend to produce darker prints than 
those having a low carbon content. 

The surface must be re-filed and re-polished before re-printing as the 
particles of sulphide in the once-used surface will have been exhausted 
by the previous printing. 

Either matt or glossy paper may be used but a paper having a smooth 
surface is usually most satisfactory: when using matt paper there is no 
need to blot off the excess moisture before applying the paper to the steel. 
It is important, however, that the paper shall not be wet enough to slip 
or so dry that insufficient acid is present to react with the sulphides. The 
paper should be left in contact with the surface for 2 or 3 minutes, stripped 
off and fixed-out in plain hypo. No development or-darkroom is necessary 
as the action of light in no way interferes with the working of the process, 
and any type of stale or light-fogged bromide or chloride paper can be 
used. 
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PHOTOGRAPHY OF THE 
MACROSTRUCTURE OF METALS 





THE macrostructure of a metal refers to those features of its surface which 
are seen by the unaided eye in colour or relief, usually after rough polishing 
and etching, and which are related to the history of the specimen, such as 
the fusion zone in a weld, or the crystallization of an ingot. 

The recording of these superficial features by photography demands 
skill in the use of both oblique and vertical illumination and in the choice 
of the appropriate Kodak ‘Wratten’ filter to exaggerate small but 
significant colour differences over the area to be photographed (see Data 
Sheets FT-1 and FT-3). 


Apparatus 


The most useful type of camera is of 4x 5-inch or half-plate size with 
double-extension bellows and a full range of movements; e.g., the ‘Kodak’ 
Specialist 3 Camera is very suitable. 

Certain types of photomicrographic equipment also allow for the 
making of photomacrographs. 

The following lenses are recommended by the American Society for 
Testing and Materials as giving maximum resolution at various magnifi- 
cations : 





Cross section of high-speed steel drill showing carbide segregation at centre. 
Courtesy of Ford Motor Co. Ltd. 
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LINEAR MAGNIFICATION APPROXIMATE FOCAL LENGTH OF 
LENS 


ett, 5 = SOPRBED SS 
= — ieee CY 3 | aN ein. OC in 
3—10 72 mm 
10—20 40 mm 
20—30 32 mm 





Lenses of these focal lengths are not all readily available in the United 
Kingdom but it should be realized that some considerable deviation from 
the A.S.T.M. recommendations can be made without seriously impairing 
the quality of the results obtained. 


Illumination 


Photoflood lamps or spotlights form convenient light sources for macro- 
graphic work. The methods of illumination usually employed are similar 
to those familiar, on a smaller scale, in micrography (see Data Sheet IN-11). 


Vertical illumination is obtained by inserting a sheet of plane glass 
between the lens and the surface of the specimen, at 45° to the axis of the 
lens. Unless special precautions are taken, this form of illumination may 
only allow the projection of a field slightly smaller in diameter than the 
diameter of the photographic lens. A condenser lens of large diameter is 
placed as close as possible to the plane glass reflector. It should be of 
such a focal length that an image of the light-source will be projected into 
the aperture of the photographic lens; the light passes from condenser to 
photographic lens by reflection at the plane glass reflector and again at the 
surface of the specimen. The optimum size of field which can be pro- 
jected on to the sensitive material in the camera is equal to half the 
diameter of the condenser but this is an optimum which cannot exactly 
be realized due to lens thickness and mounting requirements. 


Oblique illumination is obtained by directing a substantially parallel 
beam of light on to the subject from one side. The degree of inclination 
between the light beam and the normal to the specimen should be adjusted 
according to the nature of the surface of the specimen. A specimen with 
a relatively smooth surface demands a much larger angle of incidence than 
would one with a rough surface. 


Oblique illumination from two sides is frequently used if the surface of 
the specimen is a fracture or has some other form of very irregular surface. 
Two light-sources of different intensities are used, one on each side, the 
weaker source serving to lighten the deep shadows cast by the projections 
on the surface. 

Shadows can be eliminated by moving the light-source round the speci- 
men by hand during the entire time of exposure. Where light reflections 
from the surface prove objectionable they can often be eliminated by the 
use of a ‘Pola’-screen in front of the lens, the screen being rotated until the 
best result is obtained on the focusing screen of the camera (See Data 
Sheet FT-11). In some cases it may be necessary to use a second ‘Pola’- 
screen between the light-source and the specimen. 
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Dark-field illumination can best be secured by surrounding the camera 
lens with a number of small electric bulbs in an annular reflector. 


Exposure 


It is difficult to standardize exposures since every specimen presents its 
own lighting and filtering problem and, although a photo-electric exposure 
meter is useful, trial exposures are normally the easiest route to the 
optimum result when a new type of specimen is to be examined. A series 
of trial exposures can be made on one plate by withdrawing the plate 
sheath in, say, one-inch steps and so exposing that each strip receives 
double the exposure of its predecessor, as explained on Data Sheet IN-11. 


Recommended materials 


For most macrographic work, ‘Kodak’ Commercial Ortho Sheet Film 
(Data Sheet FM-34) or 0.250 Rapid Ortho Metallographic Plates (Data 
Sheet PL-11) are suitable. Where the specimens are coloured (e.g., 
brass, copper), P.300 ‘Kodak’ Rapid Panchromatic plates (Data Sheet 
PL-18) are recommended. White, smooth, glossy bromide paper (Data 
Sheet PP-9) is most suitable for printing or enlarging from the negatives. 


When results are required to be recorded in colour, either reversal or 
negative-positive colour materials may be used; the latter type has an 
advantage in that colour prints, suitable for the illustrating of reports, 
etc., can more easily be obtained. See Data Sheets FM-1B, 1D, 1E, 2A, and 
2B for details of reversal colour films, and Data Sheets FM-3 and FM-4A 
for negative-positive materials. 

Filters are usually required to emphasize small colour differences. The 
most suitable one for any given purpose is best found by experiment. 
The range available, together with full transmission and other data, is 
given in the book “Kodak Wratten Filters”, obtainable from Kodak 
Limited. See also Data Sheets FT-1, FT-3, and FT-8. 
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METALLOGRAPHY 





CERTAIN properties of metals and alloys are influenced by their micro- 
structure. It is not surprising therefore that with the growth of metal- 
lurgy as a science, increasing attention has been paid both to improving 
the methods of recording the microstructure of a specimen, and to 
improving the quality of that record. 


Photomicrography is the method most widely used in metallurgy for 
recording microstructure, whereas electron microscopy is increasingly 
used for examining and recording the ultra-fine structure of specimens. 


The general quality of published photomicrographs has risen con- 
siderably in recent years. This improvement does not arise from notable 
advances in microscopy itself, but rather from a better appreciation of 
what constitutes a correctly prepared metal surface combined with good 
photographic technique. Hence, any discussion on metallography must 
include a consideration of modern methods of preparing metal surfaces. 


Specimen preparation techniques 


Small or awkwardly shaped specimens can be handled more easily 
during preparation if they are embedded in a suitable material. The 
simplest technique for mounting specimens is a mechanical clamp made 
of similar material to the specimen, and designed so that the clamp jaws 
and specimen surface can be prepared together. Other well-known 
methods include the use of thermo-plastic or thermo-setting synthetic 
resins in a metallurgical mounting press. These materials invariably 
require heating to a temperature in excess of 100°C (212°F), and in some 
cases this can alter the specimen features. In such cases commercially 
available polyester or epoxy resins may be successfully used. These 
resins set hard at low temperatures, and although an exothermic reaction 
heats the specimen very slightly during setting, it is not usually sufficient 
to cause any structural changes. 


It is occasionally necessary to preserve the edge of the specimen to allow 
detailed examination of features such as fracture characteristics, surface 
scale, and corrosion products. Here it is often an advantage to use 
additional techniques such as the electro-plating of a metal on to the edges 
to be preserved. When examining scale or corrosion products which 
tend to be friable and porous, it is often necessary to impregnate the 
surface with resin under vacuum prior to mounting. 


After mounting, the specimen surface is ground or filed, and then 
polished to reach the desired mirror finish. This finish must be free 
from surface deformation, and hence it is essential that the techniques 
used must remove material by a cutting rather than a buffing action. 
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The conventional method of achieving a mirror finish can be divided 
into two stages. In the first stage the specimen is ground, preferably on 
waterproof abrasive papers over which a stream of water is allowed to 
flow. This gives a very rapid grinding action because the papers are kept 
free from grindings, which would otherwise clog the papers and tend to 
cause a rubbing rather than a cutting action. The water also reduces the 
effect of the high temperatures generated during abrasion. 


The grinding is carried out through a series of progressively finer 
grades of abrasive papers, finishing on a 600 grit size. On changing 
from one grade to the next, the specimen should be rotated so that the 
fresh scratches run at right angles to the previous ones. This assists the 
operator in deciding when the deformation caused by the previous paper 
has been completely removed. 


After the application of the final abrasive paper, the associated deforma- 
tion is removed in the second stage by mechanical polishing. This is 
usually done on a lap or rotating wheel covered with a suitable cloth 
impregnated with an abrasive. Samuels! has shown that to remove 
deformation produced during the abrasion stage the first polishing opera- 
tion should have a high polishing rate. This implies that it is necessary 
to have at least two stages of final polishing to obtain a good surface 
finish. 


In recent years diamond abrasives have become the most widely used 
polishing media, although chromic oxide, alumina, and calcined magnesia 
are also used. 


Having obtained the required mirror finish, the microstructure of the 
specimen is revealed by swabbing with, or immersing in, a suitable solu- 
tion. Numerous etching solutions have been developed to reveal the 
differences between metallic phases in alloys. In general, etchants either 
attack the grain boundaries or interfaces between constituents, or stain 
the various constituents present. The exact choice of etchant depends 
upon its chemical relationship with the metal or alloy. 


Alternatively, this polishing may be carried out electrolytically. The 
specimen is made the anode in a suitable electrolyte and is polished 
by dissolution of the metal surface when current is passed through the 
cell. The choice of method used depends on a number of factors.! 
Electrolytic polishing is, however, extensively used for polishing very 
soft metals. Electrolytic etching may be carried out in the same bath, 
but with a lower voltage and current. 


Recording the specimen 


As metals are opaque, the finished specimen is examined by reflected 
light. If much metallographic work is to be done, the most satisfactory 
solution to the equipment problem is the acquisition of one of the pieces of 
specially designed metallographic equipment which are available on the 
market. The microscope is often of the inverted type (see opposite) and, 
although this type of apparatus is designed for examining opaque speci- 
mens by reflected light, there is generally some arrangement for examining 
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transparent specimens by transmitted light. The camera for recording the 
image is an integral part of the apparatus. This equipment, however, is 
expensive and when only a small amount of work is to be carried out, an 
ordinary microscope, with suitable illumination attachments which are 
available commercially, together with almost any type of standard camera, 
may be used satisfactorily (see Data Sheet SC-5). This type of arrange- 
ment is obviously not as convenient as the specially designed metallo- 
graphic equipment. 

The American Society for Testing and Materials recommends? that all 
photomicrographs of metals and alloys be made and reproduced in papers 
and journals at one of the following standard magnifications: x1, x 5, 
x25, x50, x75, x100, x 150, x 200, x250, x500, x750, x 1000, 
x 1500, x 2000. 


ZZ SAMPLE 
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Typical layout of a projection microscope 
Lenses 


The lenses recommended by them for maximum resolution at various 
magnifications are as follows: 

(Magnification up to 30 diameters is best obtained in the camera without 
the use of a microscope; the techniques involved are similar to those 
employed in photomacrography, see Data Sheet SC-11.) 
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FOCAL 


LINEAR 
TYPE OF LENGTH OF 
ee LENS OBJECTIVE Coens 
(APPROX) 
25 Achromatic 32 or 48 mm Huygens x5 
50 +. 32 mm PA x5, x6, or X7°5 
75 i 25 mm os x5 
100 is; 16 or 25 mm ve x5or x75 
150 . 16mm i x75 
200 i 8 or 10 mm % x5or x75 
Achromatic or “ 
250 Apochromatic 8mm Compensating x5or x7°5 
500 fi 4or6mm iz % 
750 * 4mm or oil * ” 
immersion 
Apochromatic a: : 
1000 preferred oil immersion % x75 
1500 ” " ‘3 x7-5or x10 
2000 7 


” 


” 


” 


High-power non-immersion lenses should be specially corrected for use without a cover glass. 


IHumination 


Vertical illumination may be secured by introducing a plane glass disc, 
at an angle of 45° to the microscope axis, in the microscope body tube 
immediately behind the objective (see diagram on page 3). When the 
objective is of long working distance, the plane glass reflector can with 
advantage be placed between the objective and the object. 

This type of illumination is suitable for the examination and photo- 
graphy of all polished metal specimens, and all specimens should be 
examined first in vertical illumination. A valuable asset is the ability to 
control the angular extent of the cone of illumination; by this means low 
contrast detail that would otherwise be lost can often be brought out. On 
the other hand, too serious a reduction of the angular extent of the cone 
of illumination may bury fine detail and cause apparent thickening of the 
detail still evident. 

Etched specimens, especially those which are very dark, may appear 
veiled when examined in vertical illumination; examination by oblique 
illumination, polarized light, or dark-field illumination may bring out 
details obscured by these conditions. 

Oblique illumination can be secured by de-centring the diaphragms 
normally used for controlling the angular extent of the cone of illumination. 

An alternative technique, not recommended when the objective has a 
focal length less than 8 mm, is that of introducing between the objective 
and eyepiece, near the objective, a totally reflecting prism or a mirror 
which covers up half the aperture of the objective. Although such a 
reflector will greatly increase the brightness of the specimen, the resolving 
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power of the objective will not be as great as with the plane glass reflector 
used for vertical illumination. This will result in a loss of fine detail on 
the specimen. 


Polarized lighting can be used with either vertical or oblique illumination 
by introducing a polarizing device between the light source and the reflect- 
ing device used and an analysing device between the objective and the eye. 
Nicol prisms are usually employed in microscopy although ‘Pola’ screens 
(Data Sheet FT-11) are suitable for low-magnification work. 


The polarizing device should be rotated without using the analyser until 
observation shows the specimen to be at its brightest; this means that the 
plane of vibration of the polarized light will be perpendicular to its plane 
of incidence on the reflector. The analyser is then placed in the optical 
system, between the object and the eye, and rotated until its plane of 
polarization is perpendicular to that of the first polarizer. All specular 
reflection, i.e., surface glare from the specimen, will thus be suppressed. 
The use of polarized light in this way will usually also make the actual 
grains visible in cases where there exists a change in orientation from grain 
to grain; inclusions will be easily classifiable as to their possible nature. 


Dark-field illumination may be secured with a microscope objective by 
surrounding it with a beam of light concentrated on the specimen in such 
a manner that no light can be specularly reflected from the specimen and 
enter the objective; special apparatus for this purpose has been made 
commercially available. 


In an examination by dark-field illumination, highly reflecting surfaces 
are not visible, yet the smallest pits or the thinnest lines stand out as bright 
spots or lines. 


Filters 
Filters are used in photomicrography for several purposes: 


| To control the contrast of coloured objects or to enable greater detail to be 
seen. This technique, which is of greatest importance in biological photo- 
micrography, is usually only applicable in metallography where objects 
such as copper or rusty iron have to be photographed; here a red filter will 
give more detail. The general rule is to use a filter of complementary 
colour if maximum contrast of the coloured object against the background 
is required, and one of like colour if the maximum detail in the object is 
wanted. 


2 Toconvert the quality of the light to that required for correct tone rendering 
by the photographic material. The filter required for this purpose will 
depend both on the quality of the illuminant and on the spectral sensitivity 
of the photographic material. 


For black-and-white pictures when tungsten illumination is employed, 
a ‘Wratten’ Filter No. 11 (X1) should be used with a panchromatic 
material. 


For colour transparencies, any reversal colour film may be used, but 
‘Kodachrome’ II Professional Film, Type A (Data Sheet FM-2A) is very 
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suitable as this film is balanced for use with Photoflood lamps, and may 
also be used without a filter with projection lamps; for other suitable 
sources Colour-Compensating filters are required (Data Sheet CL-3). 
Such filters can only be recommended for light-sources having a continuous 
spectrum, as it is not possible to make satisfactory colour pictures with 
illumination from a non-continuous source such as a mercury-vapour lamp 
nor with a mixture of two sources of different quality such as tungsten and 
arc-light. Recording in colour frequently assists interpretation of the 
photographic record; for instance, the dezincification of brass is graphically 
revealed when recorded in colour. 


3 To restrict the illuminant to that portion of the spectrum with which the 
objective gives the best results. Since metallographic specimens are 
frequently uncoloured, this becomes the most common use for filters. 
Achromatic microscope objectives are corrected under the assumption that 
only a narrow band of the spectrum is to be used; they are usually designed 
so that an image formed by yellow-green light has the minimum optical 
defects. This condition can be secured by the use of a ‘Wratten’ Filter 
No. 15 (G) with an orthochromatic material, such as the ‘Kodak’ 0.250 
Plate, or a ‘Wratten’ Filter No. 58 when using a panchromatic material. 


With apochromatic objectives, there is an aberration minimum in the 
blue as well as in the yellow-green; advantage may be taken of the fact that 
the resolving power of a microscope is greater as the wave-length of the 
illumination used decreases, and a blue filter, such as the ‘Wratten’ Filter 
No. 47B may be employed, unless materials sensitive only to blue are used. 


Photographic materials 


Choice of the type of film or plate is chiefly determined by the colour of 
the illumination in use; sensitivity to other colours merely limits the 
allowable illumination in the darkroom. As explained above, many 
microscope objectives are most fully corrected for yellow-green light and 
consequently orthochromatic materials are generally used in metallographic 
work. A suitable material is the ‘Kodak’ 0.250 Plate, which has a high 
green and yellow sensitivity. Little speed is therefore lost when working 
with a green filter or with an orange filter such as the ‘Wratten’ Filter No. 
15 (G), and the plate yields the maximum definition obtainable with 
convenient working speed (Data Sheet PL-11). If for any purpose, a 
panchromatic material is required, either the ‘Kodak’ P.200 or P.300 
Plate is recommended (Data Sheet PL-17 or PL-18). When using 
apochromatic objectives for highest resolving power, a blue-sensitive 
plate such as the ‘Kodak’ B.10 or B.40 Plate should be used (Data Sheet 
PL-2 or PL-4). 


If sheet film is to be used, the following are suitable: ‘Kodalith’ Ortho 
Film, Type 3 (Data Sheet FM-30) or ‘Kodalith’ Royal Ortho Film 
(Data Sheet FM-42A) developed, with continuous agitation, for 
approximately 2 minutes in ‘Kodak’ Soft-Gradation Developer, or in a 
developer made up according to Kodak formula D-165, diluted one 
part to three parts of water at a temperature of 20°C (68°F). A 
comparable panchromatic material, which should be processed similarly, 
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is ‘Kodalith’ Pan Film (Data Sheet FM-30A); Kodak ‘Plus-X’ Pan 
Sheet Film (Data Sheet FM-36) is also suitable, but the maximum 
contrast will not be as high as is obtainable with the ‘Kodalith’ films. 


Judging exposure 

The best results can only be obtained from a correctly exposed plate or 
film. A number of modern projection microscopes have automatic 
exposure devices incorporated and will therefore give correctly exposed 
negatives. Where such devices are not fitted the metallographer has 
to judge the correct exposure. 

The variables influencing the exposure are the light-source, lens 
apertures, camera extension, light filters, objective and ocular powers, 
the reflectivity of the specimen surface, and the speed of the photographic 
material. It is convenient to draw up an exposure chart for each individual 
apparatus in which the actual exposure under varying conditions is deter- 
mined by exposing a plate in steps by withdrawing the dark-slidecompletely 
and then replacing an inch or so each time, so arranging the exposures that 
each step receives twice the exposure of the one before. For example, if 
the whole plate is exposed for 5 seconds, then the slide inserted one inch 
in successive steps with exposures of 5, 10, 20 seconds, etc., respectively, 
the resulting series of exposures is 5, 10, 20, 40 seconds, etc. 

Further information may be found in Data Sheet SC-13. 


Processing 


Apart from the ‘Kodalith’ films, for which development recommenda- 
tions are given above, the remaining materials should be processed in 
accordance with the recommendations given in their respective Data 
Sheets. 

Development times given are intended only as a guide; variations may 
be found necessary to get the best results from particular specimens. 


Use of ultra-violet 

The use of ultra-violet in place of visual light as an illuminant yields 
increased resolution in the photograph and so permits crisp, brilliant 
images of metallurgical specimens to be obtained at magnifications as high 
as 5000 to 6000 diameters.? ‘Kodak’ B.10 plates (Data Sheet PL-2) are 
recommended for this purpose. (See Data Sheet SC-4 on Ultra-Violet 
Photomicrography.) 
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PHOTOMICROGRAPHY IN METALLURGY 


THE study of the microstructure of metals is not only of considerable 
value in such fundamental research as the determination of constitutional 
diagrams and of the effects of annealing and cold working, but also in 
solving everyday problems of the metallurgist and engineer. Investiga- 
tions of the various defects which arise during the processing of the metal 
and during its subsequent life, e.g., failure by fatigue, are typical of the 
scope of metallography. 





Cube of titanium cyanonitride in hot-rolled spring steel (x 750 approx.). 
Courtesy Ford Motor Co., Ltd. 


Preparation of the specimen 

For convenience throughout its preparation, the area of the face of the 
specimen to be examined should be rather less than one square inch. 
Small or awkwardly shaped specimens may conveniently be held embedded 
in some fusible alloy, or in a suitable plastic mounting the use of which 
will prevent the electrolytic effects sometimes found with metals. ; 

For ferrous specimens this face is prepared for examination by filing 
flat and then polishing with progressively finer grades of emery paper. On 
changing from one grade of emery to the next, the specimen should be 
turned through a right angle so that the fresh scratches run at right angles 
to the last, but the change should not be made until all the scratches run 
in the same direction. If this initial polishing be carried out on a disc 
rotating with an oscillating motion, directional scratching will not be 
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produced and the correct stage must be determined by experience. When 
the finest grade of emery paper has been reached, the polishing is com- 
pleted on a flat rotating disc covered with cloth or Selvyt, alumina or 
heavy calcined magnesia being used as the polishing medium with water. 

Similar methods are used for the preparation of non-ferrous specimens, 
but greater care is necessary as these metals are relatively soft. In each 
case, the polishing must be controlled so as to avoid an increase in tempera- 
ture, as this may have an effect on the metal structure. 

When a mirror-like surface has been obtained by polishing, it is etched 
with a suitable medium (e.g., a 2 per cent solution of nitric acid in alcohol 
for ferrous specimens) which removes the “amorphous” surface layer, 
revealing the cross-sections of the metal grains which, by reason of their 
constitution or their crystal orientation, etch to different degrees, as also 
do their grain boundaries. After the removal of the etching medium from 
the surface and washing, the surface of the specimen is dried by hot air 
and can then either be examined visually or photographed. Scratches 
revealed by etching away the amorphous layer indicate faulty polishing 
technique in which the surface metal has been made to flow and so fill in 
the scratches, thus giving an erroneous impression of a smooth, polished 
surface. Owing to the small depth of field the surface should be etched 
less deeply if specimens are intended for examination at high magnifica- 
tions. 


Recording the specimen 


If much metallographic work is to be done, the most satisfactory solution 
to the equipment problem is the acquisition of one of the pieces of specially 
designed metallographic equipment which are available on the market. 
In general the microscope is of the inverted type and, although this type 
of apparatus is designed for examination of opaque specimens by reflected 
light, there is generally some arrangement for examination of transparent 
specimens by transmitted light. The camera for recording the image is 
an integral part of the apparatus. This equipment, however, is expensive 
and when only a small amount of work is to be carried out, an ordinary 
microscope, with suitable illumination attachments which are available 
commercially, together with almost any type of standard camera, may be 
used satisfactorily (see Data Sheet SC-5). This type of arrangement is 
obviously not as convenient as the specially designed metallographic 
equipment. 

The American Society for Testing and Materials recommends! that all 
photomicrographs of metals and alloys be made and reproduced in papers 
and journals at one of the following standard magnifications: x1, x 5, 
x25, x50, x75, x100, «150, x 200, «250, x500, x750, x 1000, 
x 1500, x 2000. 


Lenses 

The lenses recommended by them for maximum resolution at various 
magnifications are as follows: 

(Magnification up to 30 diameters is best obtained in the camera without 
the use of a microscope; the techniques involved are similar to those 
employed in photomacrography, see Data Sheet SC-11.) 
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LINEAR FOCAL 





TYPE OF LENGTH OF 
ee LENS OBJECTIVE eCoEAR 
(APPROX) 
25 Achromatic 32 or 48 mm Huygens x5 
50 i 32 mm a x5, X6o0r x7°5 
75 5 25 mm + x5 
100 is 16 or 25 mm is x5or x75 
150 4 16mm i x75 
200 i 8 or 10 mm 4 x5or x75 
Achromatic or ; 
250 Apochromatic 8 mm Compensating x 5or x7°5 
500 ve 4or6mm x ” 
750 ‘6 4mm or oil 7 ” 
immersion 
Apochromatic in . 
1000 preferred oil immersion a x75 
1500 af ‘s a x7-5or x10 
2000 53 si és ” 


High-power non-immersion lenses should be specially corrected for use without a cover glass. 





Iumination 


Vertical illumination may be secured by introducing a plane glass disc, 
at an angle of 45° to the microscope axis, in the microscope body tube 
immediately behind the objective. When the objective is of long working 
distance, the plane glass reflector can with advantage be placed between 
the objective and the object. 

This type of illumination is suitable for the examination and photo- 
graphy of all polished metal specimens, and all specimens should be 
examined first in vertical illumination. A valuable asset is the ability to 
control the angular extent of the cone of illumination; by this means low 
contrast detail that would otherwise be lost can often be brought out. On 
the other hand, too serious a reduction of the angular extent of the cone 
of illumination may bury fine detail and cause apparent thickening of the 
detail still evident. 

Etched specimens, especially those which are very dark, may appear 
veiled when examined in vertical illumination; examination by oblique 
illumination, polarised light or dark-field illumination may bring out 
details obscured by these conditions. 


Oblique illumination can be secured by de-centering the diaphragms 
normally used for controlling the angular extent of the cone of illumination. 

An alternative technique, not recommended when the objective has a 
focal length less than 8 mm, is that of introducing between the objective 
and eyepiece, near the objective, a totally reflecting prism or a mirror 
which covers up half the aperture of the objective. Although such a 
reflector will greatly increase the brightness of the specimen, the resolving 
power of the objective will not be as great as with the plane glass reflector 
used for vertical illumination. This will result in a loss of fine detail on 
the specimen. 
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Polarized lighting can be used with either vertical or oblique illumination 
by introducing a polarizing device between the light source and the reflect- 
ing device used and an analysing device between the objective and the eye. 
Nicol prisms are usually employed in microscopy although ‘Pola’ screens 
(Data Sheet FT-11) are suitable for low-magnification work. 

The polarizing device should be rotated without using the analyser until 
observation shows the specimen to be at its brightest; this means that the 
plane of vibration of the polarized light will be perpendicular to its plane 
of incidence on the reflector. The analyser is then placed in the optical 
system, between the object and the eye, and rotated until its plane of 
polarization is perpendicular to that of the first polarizer. All specular 
reflection, i.e., surface glare from the specimen, will thus be suppressed. 
The use of polarized light in this way will usually also make the actual 
grains visible in cases where there exists a change in orientation from grain 
to grain; inclusions will be easily classifiable as to their possible nature. 


Dark-field illumination may be secured with a microscope objective by 
surrounding it with a beam of light concentrated on the specimen in such 
a manner that no light can be specularly reflected from the specimen and 
enter the objective; special apparatus for this purpose has been made 
commercially available. 

In an examination by dark-field illumination, highly reflecting surfaces 
are not visible, yet the smallest pits or the thinnest lines stand out as bright 
spots or lines. 


Filters 
Filters are used in photomicrography for several purposes :— 


| To control the contrast of coloured objects or to enable greater detail to be 
seen. This technique, which is of greatest importance in biological photo- 
micrography, is usually only applicable in metallography where objects 
such as copper or rusty iron have to be photographed; here a red filter will 
give more detail. The general rule is to use a filter of complementary 
colour if maximum contrast of the coloured object against the background 
is required, and one of like colour if the maximum detail in the object is 
wanted. 


2 Toconvert the quality of the light to that required for correct tone rendering 
by the photographic material. The filter required for this purpose will 
depend both on the quality of the illuminant and on the spectral sensitivity 
of the photographic material. 

For black-and-white pictures when tungsten illumination is employed, 
a ‘Wratten’ Filter No. 11 (X1) should be used with a panchromatic 
material. 

For colour transparencies, any reversal colour film may be used, but 
‘Kodachrome’ II Film, Type A (Data Sheet FM-2A) is very suitable as 
this film is balanced for use with Photoflood lamps, and may also be used 
without a filter with projection lamps; for other suitable sources Colour- 
Compensating filters are required (Data Sheet CL-3). Such filters can 
only be recommended for light sources having a continuous spectrum, as 
it is not possible to make satisfactory colour pictures with illumination 
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from a non-continuous source such as a mercury-vapour lamp nor with a 
mixture of two sources of different quality such as tungsten and arc-light. 
Recording in colour frequently assists interpretation of the photographic 
record; for instance, the dezincification of brass is graphically revealed 
when recorded in colour. 


3 To restrict the illuminant to that portion of the spectrum with which the 
objective gives the best results. Since metallographic specimens are 
frequently uncoloured, this becomes the most common use for filters. 
Achromatic microscope objectives are corrected under the assumption that 
only a narrow band of the spectrum is to be used; they are usually designed 
so that an image formed by yellow-green light has the minimum optical 
defects. This condition can be secured by the use of a ‘Wratten’ Filter 
No. 15 (G) with an orthochromatic material, such as the ‘Kodak’ 0.250 
Plate, or a ‘Wratten’ Filter No. 58 (B2) when using a panchromatic 
material. 

With apochromatic objectives, there is an aberration minimum in the 
blue as well as in the yellow-green; advantage may be taken of the fact that 
the resolving power of a microscope is greater as the wave-length of the 
illumination used decreases, and a blue filter, such as the ‘Wratten’ Filter 
No. 47B may be employed, unless materials sensitive only to blue are used. 


Photographic materials 


Choice of the type of film or plate is chiefly determined by the colour of 
the illumination in use; sensitivity to other colours merely limits the 
allowable illumination in the darkroom. As explained above, many 
microscope objectives are most fully corrected for yellow-green light and 
consequently orthochromatic materials are generally used in metallographic 
work. A suitable material is the ‘Kodak’ 0.250 Plate, which has a high 
green and yellow sensitivity. Little speed is therefore lost when working 
with a green filter or with an orange filter such as the ‘Wratten’ Filter No. 
15 (G), and the plate yields the maximum definition obtainable with 
convenient working speed (Data Sheet PL-11). If for any purpose, a 
panchromatic material is required, either the ‘Kodak’ P.200 or P.300 
Plate is recommended (Data Sheet PL-17 or PL-18). When using 
apochromatic objectives for highest resolving power, a blue-sensitive 
plate such as the ‘Kodak’ B.10 or B.40 Plate should be used (Data Sheet 
PL-2 or PL-4). 

If sheet film is to be used, the following are suitable :—‘Kodalith’ Ortho 
Film, Type 3 (Data Sheet FM-30) or ‘Kodalith’ Royal Ortho Film 
(‘Estar’ Base) (Data Sheet FM-42A) developed for approximately 2 
minutes in ‘Kodak’ Soft-Gradation Developer, or a developer made up 
according to Kodak formula D-165, diluted one part to three parts of 
water at a temperature of 20°C (68°F), with continuous agitation. A 
comparable panchromatic material, which should be processed similarly, 
is ‘Kodalith’ Pan Film (‘Estar’ Base) (Data Sheet FM-30A); Kodak 
‘Plus-X’ Pan Sheet Film (Data Sheet FM-36) is also suitable, but the 
maximum contrast will not be as high as is obtainable with the ‘Kodalith’ 
films. 
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Judging exposure 

The best results can only be obtained from a correctly exposed plate or 
film; since metallography is usually carried on in a laboratory and the 
specimens are fairly stable, an exposure trial should be made if there is any 
doubt about the correct exposure. The chief factors to be taken into 
account are the light source, the diaphragms, the camera extension, any 
light filter that may be introduced, the objective and ocular powers, the 
reflectivity of the surface of the specimen and the working speed of the 
plates used. If the source be kept constant, it will be found that the 
exposures vary as the square of the ocular power, as the square of the 
camera extension and as the area of the aperture-controlling diaphragm; 
the effect of the other factors will depend on particular circumstances. It 
is convenient to draw up an exposure chart for each individual apparatus 
in which the actual exposure under varying conditions is determined by 
exposing a plate in steps by withdrawing the dark slide completely and 
then replacing an inch or so each time, so arranging the exposures that 
each strip receives twice the exposure of the one before. For example, if 
the whole plate is exposed for 5 seconds, then the slide inserted one inch 
in successive steps with exposures of 5, 10, 20 seconds, etc., respectively, 
the resulting series of exposures is 5, 10, 20, 40 seconds, etc. 

Further information may be found in Data Sheet SC-13. 


Processing 


Apart from the ‘Kodalith’ films, for which development recommenda- 
tions are given above, the remaining materials should be processed in 
accordance with the recommendations given in their respective Data 
Sheets. 

Development times given are intended only as a guide; variations may 
be found necessary to get the best results from particular specimens. 


Use of ultra-violet 


The use of ultra-violet in place of visual light as an illuminant yields 
increased resolution in the photograph and so permits crisp, brilliant 
images of metallurgical specimens to be obtained at magnifications as high 
as 5000 to 6000 diameters. ‘Kodak’ B.10 plates (Data Sheet PL-2) are 
recommended for this purpose. (See Data Sheet SC-4 on Ultra-Violet 
Photomicrography.) 
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SOFT X-RAYS FOR THE EXAMINATION 
OF TEXTILES 


IN the textile industry, soft long-wavelength X-rays (Grenz rays) may be 
used to detect weighted cloth, warp streaks in taffeta, some weaving defects 
and slight differences in the dye used in textiles and can show the effect 
of creping upon the weave. 

The soft X-rays necessary are generated in a special X-ray tube fitted 
with a window relatively transparent to these X-rays, which are generated 
at from 4 to 12 kV. The radiographs are made on fine-grained 
X-ray films and are afterwards enlarged up to about x25 to reveal the 
finer details. 

The soft X-rays, after passing through the specimen, are recorded on 
a film as shown in Figure 1. After processing, the resulting image reveals 
the differential absorption of the X-rays by the various components of the 
specimens, thus making possible a study of the factors responsible, such as 
differences in textile thickness due 
to overlapping of threads, weighting 
of the fibres by means of metal 
salts, creping of the material, and 
differences in dye content of the 
threads. Throughout the exposure 
the film should be protected from 
light by a ‘Wratten’ filter No. 87, 
which absorbs visible light without 


iT 
appreciable absorption of the X- rnonecrnc me 
rays. It is essential to use some a 7 en 
light-absorbing screen that has no Pree 
marked structure, as this would itself trout (2 fo | 


be recorded on the radiograph. 
Stereoscopic radiographs of tex- 
tiles may be made with similar 


! 
apparatus, the first view being made weve ae tkee 
with the central X-ray beam tilted |! eee 
five degrees to one side of the verti- z 


cal and the second on another film 
by tilting the tube five degrees to 
the other side of the vertical, giving Figure | 

a total angular tube-shift of ten 

degrees. To avoid the changing of films between exposures Sherwood 42 
has recorded the images on a roll film. 

When finished, the radiographs are mounted on the stereoscope so that 
the radiograph made with the right-hand position of the X-ray tube is 
viewed with the right eye, while that made with the tube in the left-hand 
position is viewed with the left eye. When the radiographs are brought 
into register by suitable adjustment the stereoscopic impression results. 
An enlarged stereoscopic image may be obtained either by viewing photo- 
graphic enlargements of the two radiographs in a stereoscope or by means 
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of a ~25 stereoscopic microscope. 
Since the correct spatial relationships of the weave are thus rendered 
visible, the analysis of complex and faulty weaves becomes possible. 


Recommended film 


“Crystallex’—the fine-grain X-ray film specially suitable for textile 
radiography. 


References 
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THE RADIOGRAPHY OF LIGHT ALLOYS 


THE extensive use of light alloys in general engineering and in aircraft 
construction, marks an important epoch. In addition to their inherent 
advantages in certain types of construction, the fact that they are com- 
paratively transparent to X-rays renders their inspection for internal 
soundness relatively simple, so that lower safety factors may be used, 
permitting an additional weight saving over that inherent in the alloys. 


The value of radiography for the inspection of light-alloy castings is 
illustrated by the insistence of the Aeronautical Inspection Directorate on 
the X-ray inspection of the stressed portions of all important aircraft 
castings. In addition, the growing use of radiography for the routine 
inspection, at frequent intervals, of both military and civil aircraft demon- 
strates the quality, speed, simplicity, and economy of the radiographic 
method of examination. 

The radiographic inspection of light alloys is a specialised technique, 
differing from the examination of ferrous and other heavy-metal castings. 
In particular, considerable care is necessary in the choice of the X-ray 
equipment, of the X-ray films, and of the radiographic technique to 
provide the ideal conditions for the detection of the defects characteristic 
of light alloys. 

Both high contrast and fine detail are essential features of the X-ray 
image of light alloys, because their characteristic defects are frequently 
typified by fine details, which are essential to the correct interpretation of 
the image, but which produce only small differences in the X-ray beam 
intensity. 


Apparatus factors 


Because image contrast falls off as kilovoltage increases, it is usual to 
make a radiograph with the lowest kilovoltage X-ray beam capable of 
penetrating the specimen and of producing a radiograph in an economic 
time. A point of some importance is that the inherent filtration of the 
X-ray beam by the X-ray tube window must be as small as possible. 
Generally, the inherent filtration is smaller the lower the maximum kilo- 
voltage rating of the tube. For this reason, and since light alloys are 
readily penetrated by low-kilovoltage radiation, 140-150 kV tubes are 
generally used for light-alloy radiography; gamma-rays are generally 
considered unsuitable. 

A further merit of low-voltage equipment is the relatively small effective 
focal spot, which minimises the effect of penumbral unsharpness on the 
image. Low-kilovoltage tubes, with outputs varying from 3 to 5 mA, 
have focal spots ranging from 0°5 to 2°5 sq.mm, and are particularly 
suitable for the detection of fine defects, such as micro-porosity. X-ray 
tubes rated to 20 mA have focal spots of from 10 to 25 sq.mm in size. 
Usually the greater the maximum tube current, the larger the focal spot, 
so that tubes of low milliamperage output are usually the most effective 
where fine image definition is required. The effect of the focal-spot size 
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on definition can, of course, be reduced by increasing the focus-film 
distance, but distances greater than about five feet are seldom used as the 
increase in exposure time, varying with the square of the distance, becomes 
impractical. 


Photographic factors 


For optimum definition and sensitivity of fault detection, non-screen 
direct-type films should be used for the radiography of light alloys. 
Kodak ‘Crystallex’ X-ray Film is ideal for most light-alloy radiography 
as it is capable of producing fine-grain, high-contrast radiographs, and is 
at the same time fast enough for use in production departments where 
exposure times must necessarily be fairly short. When the most critical 
radiographic inspection is required, Kodak ‘Industrex’ X-ray Film Type 
M will give radiographs having the finest grain and the highest contrast 
possible, revealing very small defects. 


For best results in the radiography of castings having varying thick- 
nesses, each thickness should be radiographed separately using the most 
suitable kilovoltage and film for each section. Alternatively, a “‘double- 
film”? or “‘sandwich” technique can be used, wherein a sheet of ‘Crystallex’ 
and a sheet of ‘Industrex’ Type M films are enclosed in the same cassette 
or film holder, and exposed simultanousley. The thicker section of the 
specimen will be recorded on the faster ‘Crystallex’ film, while the thinner 
sections will be accommodated by the slower ‘Industrex’ Type M film. 


When only one film is warranted, it will often be necessary to employ a 
higher kilovoltage to lower the contrast between varying sections, thus 
enabling all the thicknesses to be recorded on the one film. It is essential 
that the kilovoltage chosen should produce a radiograph, on any given 
X-ray film, in which the density range is of practical use. The radio- 
graphic image of the thicker section should have sufficient density to 
achieve adequate sensitivity, while the density of the image of the thinnest 
section should not be greater than is reasonable to permit comfortable 
viewing on an illuminator. 

This useful density range will be influenced by the illuminator used; 
for example, when using the Kodak ‘Industrex’ Illuminator Model 2, a 
density range of 1°5 to 3-0 is recommended for the most critical radio- 
graphic inspection, whereas a density range of 0°75 to 3-5 will be acceptable 
for routine work. For effective interpretation of the denser portions of 
the image, care should always be taken to avoid dazzle from low-density 
areas of the illuminated radiograph. 

In addition to the lower contrast technique given by increased kilo- 
voltage, a low-contrast film can be used; in this instance, ‘Kodirex’ X-ray 
Film is recommended. Both these techniques, however, lead to poorer 
sensitivity of fault detection than the individual exposure of each thickness 
at the most suitable kilovoltage. 

‘Industrex’ X-ray Film Type D is recommended for the radiography 
of thick light alloys. Although its grain is not quite as fine as that of 
‘Crystallex’ X-ray film, it is 2-3 times faster, and gives radiographs of 
high contrast and good definition. ‘Industrex’ Type D is particularly 
useful in departments where the X-ray unit may not be powerful enough 
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to give satisfactory penetration of heavier sections when using ‘Crystallex’ 
film. 

For the examination of thick specimens, where scattered radiation may 
degrade the quality of the image, all these X-ray films may be used 
between lead intensifying screens, which effectively minimise the effects 
of the scattered rays without affecting definition. The use of lead 
intensifying screens may enable the exposure time to be reduced to as 
little as one third provided the kilovoltage is greater than about 140 
(see Data Sheet XR-4). 

Whenever possible, when using the films mentioned above, the image 
density should be as high as viewing conditions permit, as image contrast 
increases with film density, and the sensitivity of fault detection is thereby 
improved. 

Direct-type X-ray films are available folder-wrapped for darkroom 
loading into X-ray exposure holders or X-ray cassettes, and also wrapped 
individually in sealed envelopes ready for use. 


Conclusion 


For the reliable X-ray inspection of light alloys (and particularly of 
magnesium alloys) it is absolutely necessary to use a suitable film having 
carefully controlled properties, to use a radiographic technique giving 
optimum conditions for flaw detection, and to process the film by a 
standardised and reliable technique (see Data Sheet XR-6). More 
detailed information on light-alloy radiography may be found in the 
literature. 
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WELD RADIOGRAPHY 





SINCE the early thirties, radiographic inspection has been mandatory in the 
approval procedure for fusion-welded Class I pressure vessels. The 
growing realisation of the value of this method of non-destructive examina- 
tion has resulted in its application to the inspection of welds in lower 
grade pressure vessels, in ships’ structures? 3, in gas-holders’, in oil lines® 
and refinery plant, and in bridges. In addition, radiography is now being 
used in inspecting spot welds.®: 7: 8 

The value of the technique is not limited solely to inspection, but it also 
offers an important aid in the training of welders®, because it reveals the 
quality of the trainees’ work. 


As a research method, radiography has provided information on the 
effects on the weld of different welding speeds and of the size and coating 
of welding rods. Metal drop formation in welding has also been investi- 
gated by cine-radiography.!° 

Initially, only X-rays were available for weld radiography and its scope 
was thereby limited. But with the current list of available sources of 
gamma-rays to supplement X-rays, there are few welds which cannot be 
radiographed. The following notes, except where otherwise indicated, 
apply to the examination of welds both by X-rays and gamma-rays, but for 
clarity only X-rays are generally mentioned. 


Both X-rays and gamma-rays being dangerous to personnel, great care 
must be taken in the works, or on the site, to protect the operators and 
others in the vicinity. Reference should be made to the 1961 statutory 
regulations'4, under the Factories Acts, relating to the protection of 
personnel engaged in radiography. International recommendations have 
been made by the International Commission on Radiological Protection.” 
Useful supplementary practical guidance is available in publications of the 
British Welding Research Association'® and the International Labour 
Office.14 


Radiographic technique 


The valid interpretation of the resulting radiographs, whether used for 
inspection or research, depends fundamentally on accurate technique at 
every stage from the setting up of the specimen to the final inspection of 
the radiograph. 


It is important that every length of weld radiographed should be easily 
and accurately identifiable with its appropriate radiograph. This is 
essential when inspecting welded high-pressure vessels, oil lines, ships’ 
structures and other large welded assemblies. Accurate and permanent 
identification can be achieved by using a system of serial numbers which 
are stamped (where this is permissible) or painted on each section, the 
particulars being reproduced on the corresponding radiograph by lead 
markers stuck to the weld section prior to the exposure and which there- 
fore appear as shadows on the radiograph. To avoid confusion arising 
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from the shadow cast by an uneven weld metal surface, the surfaces of the 
weld should, if possible, be ground smooth. 

When inspecting long welds, these must be examined in successive 
sections. Arrangements must accordingly be made for suitably over- 
lapping the films in order that no section of the weld is missed. For this 
reason, the weld is usually recorded in one-foot sections on films fifteen 
inches long, except when the curvature of circumferential welds restricts 
the length which may be covered in one exposure. The radiographer 
responsible for the inspection of pressure-vessel welds should be familiar 
with the authoritative recommendations published by the British Standards 
Institution.1: 516 Guidance on techniques for the radiography of light- 
alloy welds is given in reference 17. 

The radiographic image is a ‘“‘ shadow picture ” of the internal structure 
of the weld. For geometrical reasons, the successful interpretation of the 
resulting radiograph depends upon the accurate alignment of the X-ray 
beam. In general, the beam should be normal to the plane of the face of 
the weld. Where lack of fusion between parent and weld metal is being 
sought, the beam should be aligned along the plane in which lack of fusion 
is suspected. Consequently, three exposures might be necessary for a 
“V-type weld, one directed along each arm of the “V” and one directed 
at right angles to the plane of the plate to check the quality of the root. 
In a “U”’-type weld, both arms can, however, be satisfactorily examined 
by a single exposure made normal to the metal surface, if the focus-film 
distance is reasonably great and the film is on the side of the plate remote 
from the root of the weld. This technique has a disadvantage, however, 
in that the images of root defects may suffer unsharpness because the root 
is remote from the film. In some cases, however, the angle of projection 
of the X-ray beam with respect to the weld will also depend on the 
surrounding structure, and here experience is necessary when deciding on 
the best projection and in interpreting the resulting radiograph. 

The efficiency with which the eye can detect differing densities in two 
neighbouring regions (and therefore the sensitivity) depends on the sharp- 
ness of the line of demarcation between the regions. The sharper this 
line, the more readily will the eye detect this difference. This is illustrated 
in Figure 1, which shows, on an enlarged scale, two regions of different 
density, in one case separated by a diffuse edge and in the other by a sharp 
edge, the extremes of density in each case being identical. Although the 
contrast is actually the same, the top strip, owing to the diffuse boundary, 
appears to have lower contrast than the lower strip. 

From geometrical considerations, it is obvious that the finest definition 
in the resulting radiograph will be achieved only when a point source 
of radiation is used. This is not, of course, practically possible, but 
every effort should be made to minimise unsharpness in the radio- 
graphic shadow by using an X-ray tube with as small a focal spot as is 
consistent with reasonable exposure times, or a gamma-ray source of small 
dimensions. Loss of definition due to the finite size of the focal spot or 
source is reduced with increasing target-film distance but, as the exposure 
necessary increases in accordance with the inverse square law, the practical 
distance is determined by the necessity for keeping the exposure time with- 
in acceptable limits. The optimum focus-film distance will depend on 
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the thickness of the specimen being radiographed, and on the focal spot 
size, the usual distance being two to three feet. Recommendations for 
ratios of focus-film and source-film distance to throat thickness of weld are 
given in reference 15. 


It is important that the object-film distance should be as short as possible. 
Close contact between the cassette and the surface of the specimen should 
be maintained. Appropriately curved cassettes (film holders) or flexible 
cassettes are therefore essential when radiographing circumferential 
welded seams. 


Radiographic film and its choice 


X-ray films have been designed for the various types of engineering 
radiography and the choice of the appropriate film for the work being 
undertaken is of utmost importance. Some of these films are made 
specially for use with intensifying screens; some have low contrast and 
others high contrast. The higher the contrast of the film, the greater will 
be the differentiation in the image between areas corresponding to 
slightly different degrees of X-ray absorption. On the other hand, as the 
contrast of the film increases, so its exposure latitude decreases. The grain 
size of films is a further factor of importance, as the finer grained the image 
the better its detail. Unfortunately, the finer the grain size of a film the 
lower is its speed. The various types of X-ray films available represent a 
compromise between fineness of grain, speed, contrast, and latitude, 
appropriate to the type of work for which they are designed. Consequently 
they should be chosen with care in relation to the job. 

For the best results in weld radiography, the film should have the finest 
grain and highest contrast consistent with a practicable exposure time. 
The image density should be as high as possible, and certainly not less than 
2:0 when using lead intensifying screens, described later, or a density of 
between 1-3 and 2°3 for films exposed with fluorescent screens.1>»16 When 
working with high image densities, it is essential to use X-ray illuminators 
(such as the Kodak ‘Industrex’ X-ray illuminators) which give adequate 
brightness to ensure ready interpretation of the radiographs. 


The X-ray films available for weld radiography can be broadly divided 
into two groups, namely :— 
| “‘Screen-type” films for exposing between fluorescent screens. 

2 “‘Non-screen” or ‘‘direct-type films for exposing between lead intensi- 
fying screens, or without screens. 

These films are available in a wide range of speed and grain size, the finest- 
grained being the slowest. 

‘Industrex’ X-ray Film, Type S (Data Sheet FM-26), is recommended 
for use with fluorescent intensifying screens. In conjunction with ‘Kodak’ 
High-Speed Intensifying Screens, it yields high contrast and requires 
considerably less exposure than direct-type films used without screens or 
with lead screens. Higher definition is obtained with ‘Kodak’ Fine-Grain 
Intensifying Screens, which have about half the intensifying factor of the 
High-Speed Screens. This latter combination is of the type recommended 
in the current British Standards!*-1° for salt-screen exposures in the inspec- 
tion of ferrous welds. However, it is being replaced steadily by the lead- 
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screen technique described in the next section. 


The choice of non-screen type X-ray film for any particular type of weld 
examination depends on the nature of the job, and on the defect sensitivity 
required. Ideally, the technique should be as sensitive as is practicable. 
For light-alloy welds and welds in steel plate, the very fine-grained 
‘Microtex’ X-ray Film (Data Sheet FM-25) will provide the most critical 
technique, whether exposed with or without lead intensifying screens. 
Where the very long exposures involved can be tolerated, this film is 
undoubtedly the best for gamma-radiography. As ‘Microtex’ film is 
rather slow, the compromise of higher speed and fine grain of ‘Crystallex’ 
X-ray Film (Data Sheet FM-28) make this an ideal choice both for X-ray 
and gamma-ray exposures whenever optimum fault sensitivity is required. 
This film is used extensively in the inspection of welds in light-alloys and 
in ferrous materials, usually with lead intensifying screens. Such a 
combination is favoured for radiographs of stainless-steel welds. For the 
thinner section welds, ‘Crystallex’ film can, of course, be used without 
screens. 

Where higher speed is necessary, ‘Industrex’ X-ray Film, Type D (Data 
Sheet FM-27), is the obvious choice for all types of weld, and its high 
contrast is particularly valuable. It is usually exposed between lead intensi- 
fying screens but may be used without screens for light-alloy welds and thin 
steel welds. 

For the shortest exposure, ‘Kodirex’ X-ray Film (Data Sheet FM-17) 
represents the optimum combination of speed, contrast, and grain size. It 
is most valuable when gamma-ray exposures must be as short as possible. 

Careful handling and processing of films are of paramount importance in 
weld radiography (Data Sheets XR-6 and XR-7). The greatest care must 
be taken to ensure that no chemical stains, liquid splashes, pressure 
marks, or other adventitious markings appear on the film, because such 
marks seriously handicap, even if they do not entirely prevent, accurate 
interpretation. The photographic aspects of the radiography of welded 
pressure vessels have been reviewed.!* 





Figure | 
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Figure 2. Radiograph revealing porosity in 1-inch steel weld. 


Intensifying screens 


Intensifying screens of calcium tungstate, as generally used in weld 
radiography, permit economic exposure times with low-powered portable 
X-ray units, at some expense of definition; fine-grain salt (tungstate) 
screens, such as ‘Kodak’ Fine-Grain Intensifying Screens, are recom- 
mended so as to minimise the unsharpness caused by such screens. Lead 
foil screens (Data Sheet XR-4) are, however, finding increasing favour in 
weld radiography, particularly where high-kilovoltage radiation is used 
and when fine details, such as cracks, are being sought. These lead 
screens do not allow so great a reduction in exposure as salt screens but 
possess the advantage of being grainless and therefore do not affect defini- 
tion provided that there is good contact between the screens and film. 
Moreover, lead screens assist in the absorption of scattered radiation 
arising from the specimen. Lead foil is sometimes recommended for use 
as a filter in conjunction with salt intensifying screens. When so used it 
should have a thickness of 0-004 to 0°006 inch and should be placed 
between the specimen and the front salt intensifying screen, preferably in 
the cassette. 

Both salt and lead intensifying screens should be treated with great care 
and should be kept free from dust, stains, and scratches. Similarly, care 
must be taken to avoid scratching or rubbing the screens or films when 
loading them into cassettes. 


Exposure 

The exposure conditions should be obtained from an appropriate 
exposure chart and, in general, the lowest kilovoltage consistent with 
adequate penetration and reasonable exposure time should be chosen to 
ensure high radiographic contrast in the resulting radiograph. When 
gamma rays are used, the choice of the type, size, and activity of the source 
is important (see Data Sheet IN-16). 


Sensitivity 
Penetrameters (image-quality indicators) should always be used in weld 
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radiography to indicate that effective penetration of the plate by the 
radiation has been achieved and to serve as a means of checking the 
sensitivity of fault detection. For this latter reason, the penetrameter 
should be of the same material as that being examined. It is usually in the 
form of a thin step wedge of the metal, or of wires of increasing thickness. 


Of the various types of penetrameter that have been designed, the step- 
wedge type is most commonly used in Great Britain. Details of a suitable 
design have been published by the British Standards Institution. 


As the defects in the specimen may be situated at any depth, it is 
customary to place the penetrameter step wedge on the side of the plate 
remote from the film, because the further the defect from the film, the less 
clearly it is revealed. Accordingly, the sensitivity determined by the 
penetrameter represents, as it should, the worst conditions rather than the 
best. It must be borne in mind that a penetrameter is essentially an 
instrument to indicate effective penetration, and as a check on the 
quality of the radiographic technique used. It should not be used as 
an absolute criterion for determining the magnitude of internal flaws. It 
will be obvious that the penetrameter should be placed so that its image 
does not interfere with that of the region being inspected; for this reason 
the step-wedge type is usually placed parallel to and slightly away from the 
weld. The wire type (DIN) may, however, be placed so that its wires are 
transverse to the length of the weld. 


The sensitivity of fault detection is expressed as the smallest percentage 
variation in the total thickness of the plate which is discernible in the radio- 
graph. Thus the smaller the value of the percentage quoted as sensitivity, 
the higher is the efficiency of fault detection. Faults corresponding to less 
than 2 per cent of the thickness of the plate should be readily shown in 
an average radiograph made under the best routine conditions This 
value will, however, depend on such factors as, for X-rays, the kilovoltage, 
the filtration in the X-ray beam, the focal-spot size, and the tube-film 
distance; for gamma-rays, the radio-active isotope, its geometric size, and 
the source-film distance. Additionally, the following factors will also 
determine the sensitivity—the object-film distance, the type of intensifying 
screens and X-ray film, the processing of the film, and the viewing 
conditions. 


The actual figure recorded as the sensitivity depends not only on the 
radiographic technique but also on the type of penetrameter and the way 
in which the sensitivity figure is assessed from its image.!® 


Interpretation of radiographs 


The radiographs should be very carefully scrutinised and compared with 
the portion of the plate radiographed in order that surface markings may 
be identified with the shadows on the radiograph produced by them. All 
other shadows on the radiograph should then receive consideration and 
interpretation. The films should be viewed on a specially designed X-ray 
film illuminator of sufficient brightness, with masking diaphragms to 
limit the illuminated area to the size of the film; this ensures optimum con- 
ditions for the detection of the important but subtle density differences 
in the image. 
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WELD 








Figure 3. Top—radiograph revealing line inclusions in weld root. 
Bottom—section through weld at point indicated by line A in 
radiograph above. 


Radiography, both by X-rays and gamma-rays, is usually capable of 
revealing all the important defects likely to arise in welding, such as :— 
I Porosity and other gaseous defects 
2 Inclusions of all types 
3 Incomplete root penetration and lack of root fusion 
4 Cracks 
A full list of the weld defects which may be detected radiographically, 
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together with illustrations and descriptions of the corresponding radio- 
graphic images, are given in references 20 and 21. 

Porosity, for instance, is revealed in the radiograph by circular spots, 
denser than the surrounding image and occurring either in groups or 
chains within the image of the weld. A typical radiographic image of 
porosity in a weld is shown in Figure 2. 

Inclusions, particularly of slag, are also characterised by denser regions 
in the radiograph, but these have an angular appearance. Line inclusions 
are revealed by a dark ribbon-like shadow with irregular edges, parallel to 
the length of the weld, as shown in Figure 3. 

Incomplete root penetration is indicated by a dark continuous or inter- 
mittent band parallel to the length of the weld and generally coinciding 
with its centre line: usually, at least one side is straight. Lack of root 
fusion is indicated by a fine, straight, dark line along the centre of the 
weld image. 

Cracks in weld metal usually occur in a plane normal to the surface 
of the plate and thus are favourably placed for detection by X-rays. They 
appear in the radiograph as fine, dark, tortuous lines or as fine dark 
wavy lines which are sharp when the X-ray beam is passing along the plane 
of the crack, and more diffuse and less dense as the angle between the 
plane of the crack and the X-ray beam increases. They may therefore be 
recorded as a series of cracks which are apparently unconnected. For the 
same reason cracks which occur parallel to the surface of the plate or 
approximately so will not be recorded by radiography. Where cracks are 
suspected from the image, further exposures with the beam at slightly 
different angles from the first often assist in revealing whether the defect 
is a crack or is due to some other cause: the image of the crack varies 
appreciably with slight changes in beam direction. 

Where flaws are shown to exist in any section of a weld of sufficient 
importance to justify the cutting out and re-welding of that section, radio- 
graphic inspection should be critically applied to the re-welded section. 

In certain cases it is desirable to locate the position of a particular defect 
in order to estimate its likely effect on the strength of the weld. This 
may be achieved by stereoscopy or by one of the usual localisation methods 
(see Data Sheet XR-3). 
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GAMMA-RADIOGRAPHY 


THE scope of non-destructive inspection by radiography has been extended 
considerably by the use of gamma-rays in addition to X-rays. In recent 
years, radioactive isotopes have become readily available and have almost 
entirely replaced radium or radon, previously the only suitable sources 
generally available. 

The great penetration of the gamma-rays from most of these sources, 
which is comparable with that of X-rays generated from about 500 to 
2000 kV depending upon the radio-active source, makes such sources 
particularly valuable where the thickness or density of the specimen is 
beyond the range of the available X-ray equipment. Where X-rays of 
sufficient penetration are available, however, their use is generally to be 
preferred since better radiographic sensitivity and shorter exposure times 
may be achieved. 

The relatively small size of the equipment necessary frequently makes 
gamma-ray sources ideal for radiography on sites inaccessible to bulky 
X-ray apparatus./: 2} 3,4 Additionally, these sources may be suitable for 
work where the higher initial cost of X-ray equipment is not warranted. 

In earlier days, gamma-radiography was undertaken with the natural 
radio-active element radium‘, or with radon‘, the radio-active gas emitted 
by radium; these sources are still available but, as mentioned above, they 
have been superseded by radio-active isotopes, which have led to more 
effective techniques of gamma-radiography. The most commonly used 
are cobalt-60 (®Co), caesium-137 (#°’Cs), iridium-192 (}%*Ir), and 
thulium-170 (?7°Tm); these sources are obtainable from the Radio- 
chemical Centre, Amersham, Buckinghamshire, from whom full details 
of price, availability, size, and other data should be obtained. 


CHARACTERISTICS OF GAMMA RADIATION 
Energy 

The energy of gamma radiation depends upon its wave-length; the 
shorter the wave-length, the greater the energy or penetrating power. 
Energy is usually expressed in “electron volts” and the commonly used 
unit is that of 1 MeV (1 million electron volts). 1 MeV is roughly compar- 
able with 1000 kV X-rays. 


Rate of Decay 

Different radio-active sources decay at different rates and this decay is 
exponential. Thus, the total life of a source is an infinite time but the 
time taken to decay to one half of the initial gamma-ray intensity is a 
fixed and finite time for any given source. This value is known as the 
‘half-life’ and may be taken as a useful measure of the rate of decay. 


Unit of radioactivity 

The activity or strength of a radio-active source is usually expressed in 
curies (lc=3*7 x 10!° atomic transformations per second). The often 
used sub-multiple of the curie is the millicurie (1000mc=1 curie), and the 
multiple the kilocurie (1 Kc= 1000 curies). 
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ARTIFICIAL RADIO-ACTIVE ISOTOPES 

Cobalt-60 78910 emits gamma rays having a penetration approxi- 
mating to that of radium and radon, i.e., equivalent to X-rays of about 
1000-2000kV:: its half-life is 5-3 years. Caesium-137, with a much longer 
half life of 30 years, emits longer wave-length radiation, roughly equivalent 
to 750kV X-rays; iridium-192 has fairly similar properties, although of 
somewhat longer wave-length, approximating to 500kV X-rays. The 
half-line of iridium-192 is 74:4 days, but the longer wave-lengths give 
higher contrast. Thulium-170 has the longest wave-length of all these 
sources and emits radiation of about the same quality as 180kV X-rays; 
its half-life is 127 days. 

The activity of the sources depends, in the case of cobalt-60, iridium- 
192, and thulium-170, on their initial activation in the nuclear reactor as 
well as on their size. They are therefore available in a fairly wide range 
of sizes and activities. Caesium-137 is a fission product and activity is 
more directly related to the source volume. The table below shows 
typical source sizes and activities. 















COBALT-60 (®°Co) CAESIUM-137 (137Cs) 





Source size f Source size : 
millimetres ee millimetres eas 
(right cylinder) y (right cylinder) ty 
0-7c 3x3 250 mc 
3x3 500 mc 
65x6 le 
65x6 2¢ 
65x6 5c 
IRIDIUM-192 (2°2Ir) 65x6 0c 


Source size 












millimetres Maximum THULIUM-170 (?7°Tm) 
(right cylinder) activity ; : 
We eiiaueeenc 2 ource size hes 
0-5 x 0:5 Ic millimetres oximum 
1 xi 4c (right cylinder) activity 
x2 20 
100 c 2x2 lOc 






x 4 
x 6 20 ¢ 


SCOPE OF GAMMA-RAY SOURCES 

The general uses of the above named sources may be quoted as follows, 
but it must be realised that these limits are only approximate. Greater 
thicknesses can be penetrated but the exposure times may be very lengthy. 
The lower limits are restricted by considerations of sensitivity of flaw 
detection. Provided the user is satisfied that adequate sensitivity for the 
purpose is being achieved, then the lower limits may be reduced. 





POSSIBLE OPTIMUM 
SO uEGE THICKNESS RANGE THICKNESS RANGE 
Cobalt-60 2-8 inch steel 3-6 inch steel 
Caesium-137 | - 4 inch steel 1-75 — 3 inch steel 
Iridium-192 | 0-25 — 3-5 inch steel | - 1-75 inch steel 


Thulium-170 | 0:3-1-5 inch aluminium —_ 
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SAFETY PRECAUTIONS 


Owing to the dangerous character of gamma-rays, the sources are 
generally used shrouded in heavy metal containers, of lead or of tungsten 
alloy,412; spent or depleted uranium has also been used recently. 
Various types of containers are available commercially which usually 
incorporate a conical opening, limiting the radiation to a well-defined 
divergent beam, and a hinged or screwed cover to close the aperture 
when the source is not in use. In addition, most containers provide for 
the removal of the radio-active source on the end of a long rod or cable, 
so that the source may be removed and placed in a confined space or 
positioned for work where radiation over an angle of 360° may be required 
(Figures 1 and 2). Many large containers for highly active or kilocurie 
sources are operated by remote control, thus providing further safety 
for the operator. 

Considerable care must be exercised when handling and using gamma- 
ray sources and it must be emphasised that the use in industry of such 
sources is covered by statutory regulations! and the Radio-Active 
Substances Act, 1949. The effects of gamma-radiation on the human 
body can be highly dangerous and operators concerned with the work 
should be constantly aware of the dangers and should take every possible 
precaution. In work-places covered by the Factories Act, the regulations 
referred to above?* must be applied, and further guidance can be obtained 
from other sources.1#15 


MAKING THE RADIOGRAPH 


If the source is in a heavy metal container with outlet port, the actual 
set-up for the exposure (Figure 3) is similar to that used in X-radiography, 
with the obvious substitution of the gamma-ray source for the X-ray tube. 
When using an unshrouded source, emitting full intensity in all directions, 
several exposures may be made at the same time by arranging the speci- 
mens around the source (Figure 1). This technique is particularly valuable 
for the inspection of cylindrical specimens; for example, circumferential 
butt welds in pipes!’, and pressure vessels, where the gamma-ray source 
may be placed at the centre of curvature when the source-to-film distance 
is sufficiently small to give a reasonable exposure time (Figure 2). This 





IN CASSETTES 


Figure | Figure 2. Films in cassettes or a continuous 
strip of ‘Ready-Pack’ film. 
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Figure 3 
technique can usefully be employed for vessels and pipes up to about 
3 feet in diameter. Above this diameter, the exposure time may become 
unduly long owing to the increased source-to-film distance, but this will 
depend on the activity of the source. Due regard must of course be paid 
in all these techniques to the requirements of good geometry of image 
formation; the source size, source-to-film distance, and object-to-film 
distance, must be adjusted to give satisfactory geometry’*17; these princi- 
ples are described in Data Sheet XR-2. 

Gamma-radiographs are normally made on direct-type X-ray films such 
as ‘Kodirex’, ‘Industrex’ Type D, ‘Crystallex’, or ‘Microtex’ (in descending 
order of speed) exposed between lead intensifying screens!® (see Data 
Sheet XR-4). Gamma-radiography of circumferential welds in vessels 
or pipes may be facilitated by the use of ‘Ready-Pack’ continuous rolls, 
which incorporate lead screens and film in a light-tight sleeve. Any 
convenient length may be cut from the roll in any lighting conditions 
and the continuous length of film may then be wrapped around the 
weld seam. Continuity of inspection is assured more simply; number- 
ing and marking out of the specimen is reduced to a minimum; film 
wastage through overlap is avoided; and cassette-loading and handling 
time is eliminated. The use of a screen-type X-ray film in conjunction 
with salt intensifying screens is not favoured?!" because of the inherent 
unsharpness arising from the use of such screens; consequently, the 
sensitivity of flaw detection is likely to be poor. 

The lead intensifying screen technique is generally preferred since these 
screens give superior definition which materially offsets the low image 
contrast due to the penetrating nature of the radiation. In general, 
standard lead intensifying screens (front screen 0-004 inch thick, back 
screen 0-006 inch thick) can be used with iridium-192 and caesium-137, 
but a slight advantage may be gained by exposing the film between two 
“back” screens when using cobalt-60. Lead screens do not offer any 
advantage with thulium-170, unless the front screen is very thin. Where 
the image must reveal very fine details, e.g., fine cracks, the fine-grain, 
high-contrast, direct-type ‘Microtex’ or ‘Crystallex’ film is recommended. 
For slightly less critical work, ‘Industrex’ Type D film gives adequate 
exposures in about half the time required for ‘Crystallex’ film. ‘Kodirex’ 
X-ray film gives the fastest exposures, using lead intensifying screens, but 
the use of this film is only recommended when it is known to be adequate 
for the degree of sensitivity of flaw detection required. For the gamma- 
radiography of welds, the use of ‘Kodirex’ film is not normally recom- 
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mended.!¢:!7 All these X-ray films, exposed between ‘Kodak’ Lead 
Intensifying Screens, are eminently satisfactory for gamma-radiography: 
their range of grain, speed, and contrast covers all the requirements. 
The best compromise between radiographic sensitivity of flaw detection 
and speed is undoubtedly given with ‘Crystallex’ X-ray film. 

Where a specimen has large thickness variations, a “sandwich” technique 
may be useful in avoiding the need for two or more separate exposures. 
This technique consists of using in the same cassette films, or film-screen 
combinations, of different speeds, thus exposing for a thin section with the 
slower film and for the thicker section with the faster film. 

In the case of ‘Microtex’ and ‘Crystallex’ films, higher speed and 
contrast can also be achieved by prolonging development time to the 
maximum recommended for each film; the increase in unsharpness is not 
significant, and this practice can be regarded as standard when using 
‘Microtex’ film in this type of work. With ‘Industrex’ Type D and 
‘Kodirex’ films, this practice is not normally recommended. 

The intensifying factors of the screens mentioned above depend upon 
various considerations, including the quality of the gamma-rays, and the 
filtration due to the specimen. Usually, an intensifying factor of 2 may 
be assumed for all types of film when using lead intensifying screens. 


EXPOSURE 

The exposure times required depend on many variables such as the 
material and thickness of the specimens, the source-to-film distance and the 
activity of the source. As a general rule, exposures may run into hours 
and the correct exposure is best found by reference to exposure charts or 
special slide-rules evolved for the purpose.!® Both exposure charts and 
slide-rule scales are dependent on the speed of the film used. 

In the Appendix to this Data Sheet, exposure charts are shown giving 
typical exposures for various sources. These exposure charts will usually 
prove reliable in practice, but many possible causes of variation exist and 
practical trial may indicate necessary changes. 

The exposure charts for thulium-170 are for ‘Crystallex’ and ‘Industrex’ 
Type D films; those for cobalt-60, caesium-137, and iridium-192 are for 
‘Microtex’, ‘Crystallex’, ‘Industrex’ Type D, and ‘Kodirex’ films. They 
have all been determined by practical experiment and give the exposure 
necessary to produce the stated densities through different thicknesses of 
steel or, in the case of thulium-170, of aluminium. The processing 
conditions are the same for all films except ‘Microtex’. 

Corrections for variations from the source-to-film distance given in the 
exposure charts may be made by utilising the inverse-square law, whether 
films are used with or without lead screens. Gamma-radiographs are 
normally made with direct-type films with which contrast increases with 
film density up to very high densities. It is therefore advisable to take 
advantage of this characteristic by exposing to the highest available film 
density; a minimum density of 2:0 is recommended.!¢.!” 


INTERPRETATION OF GAMMA-RADIOGRAPHS 

In castings, any imperfections are revealed, on the radiograph, by 
images which are usually darker than the surrounding image, although 
there is the possibility of lighter images occurring as, for instance, when 
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segregation or inclusion of a heavier component is present. In weld 
inspection, the aim is to detect any internal imperfections such as cracks, 
inclusions, gas voids, lack of fusion and incomplete penetration. 

The clues to the cause of these images are given by their shape, contrast, 
size, and position, but accurate interpretation calls for both long experience 
and a sound knowledge of the job being examined, and of its potential 
defects. Great caution is necessary in differentiating between these 
images and those due to surface marks on the job or fortuitous images 
which can arise from faulty handling, exposing, or processing of the film. 

The form of images of defects in welds and castings has been described 
in certain British Standards.?°1 

The interpretation of gamma-radiographs is similar to that of radio- 
graphs made with X-rays, but generally somewhat more difficult because 
of :— 
| The low image-contrast due to the penetrating nature of the radiation; 
2 The use of short source-to-film distances, are sometimes used unwisely to 
offset the longer exposure times, leading to greater penumbral effects 
and more image magnification. 

The low image contrast is of marked value in the inspection of speci- 
mens having wide variations in thickness, e.g., assemblies, since the whole 
of the specimen may be recorded on one film. It is important to note, 
however, that the sensitivity of fault detection suffers with such reduction 
in image contrast. 
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APPENDIX 


LIST OF EQUIPMENT MANUFACTURERS 


The following is a list of some of the manufacturers of gamma-ray 
exposing devices in this country; it should not, however, be regarded as 
comprehensive. Details of the equipment available should be obtained 
direct :— 


B.1.X. Limited Construction House, Grovebury 
Road, Leighton Buzzard, Bedford- 
shire 

Gamma-Rays Limited Foundry Lane, Smethwick 40, 
Staffordshire 


Inspection Equipment Limited Turpins Yard, Oaklands Road, 
London, N.W.2 


Pantak Limited Vale Road, Windsor, Berkshire 

Pantatron Limited 16-22 Great Russell Street, 
London, W.C.1 

Vitosonics Limited Marshgate Trading Estate, Gas- 
house Lane, Hertford 

Watson & Sons (Electro- East Lane, Wembley, Middlesex 


Medical) Limited 


Photographic equipment for gamma-radiography is available from 
Kodak Limited. Further information may be obtained from the Indus- 
trial/Professional Sales Division at Kodak House, Kingsway, London, 
W.C.2 


EXPOSURE CHARTS 


On the following 7 pages is given information relating to the approxi- 
mate gamma-radiation exposures necessary under certain conditions for 
various X-ray films. Further information on the use of ‘Ready-Pack’ 
Film may be obtained from Kodak Limited at the address given in the 
previous paragraph. 
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TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 


Source: THULIUM-I70 Material: ALUMINIUM 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


“CRYSTALLEX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 





Thickness of aluminium in inches 




















Exposure in curie-hours 


‘INDUSTREX’ X-RAY FILM, TYPE D 
Development: 4 min DX-80 at 20°C (68°F) 


Thickness of aluminium in inches 




















Exposure in curie-hours 
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TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 


Source: COBALT-60 Material: STEEL 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


‘MICROTEX’ X-RAY FILM 
Development: 12 min DX-80 at 20°C (68°F) 


Pe Tela Tea 








Thickness of steel in inches 





















































Exposure in curie-hours 


‘CRYSTALLEX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 








Thickness of steel in inches 















































Exposure in curie-hours 


TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 


Source: COBALT-60 Material: STEEL 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


‘INDUSTREX’ X-RAY FILM, TYPE D 
Development: 4 min DX-80 at 20°C (68°F) 














Thickness of steel in inches 















































Exposure in curie-hours 


‘KODIREX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 








Thickness of steel in inches 


















































Exposure in curie-hours 
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TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 


Source: CAESIUM-137 Material: STEEL 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


‘MICROTEX’ X-RAY FILM 
Development: 12 min DX-80 at 20°C (68°F) 





Thickness of steel in inches 












































Exposure in curie-hours 


‘CRYSTALLEX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 





Thickness of steel in inches 















































Exposure in curie-hours 


TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 





Source: CAESIUM-137 Material: STEEL 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


‘INDUSTREX’ X-RAY FILM, TYPE D 
Development: 4 min DX-80 at 20°C (68°F) 








Thickness of steel in inches 












































Exposure in curie-hours 


‘KODIREX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 








Thickness of steel in inches 












































Exposure in curie-hours 
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TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 


Source: IRIDIUM-192 Material: STEEL 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


‘MICROTEX’ X-RAY FILM 
Development: 12 min DX-80 at 20°C (68°F) 


fe 


| 
\ 


Elio 
ee 


Thickness of steel in inches 
























































Exposure in curie-hours 


“CRYSTALLEX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 


| ye 
| oe 


A 


Thickness of steel in inches 





























Exposure in curie-hours 


TYPICAL EXPOSURE CURVES WITH ‘KODAK’ INDUSTRIAL X-RAY FILM 


Source: IRIDIUM-192 Material: STEEL 


Source-Film Distance: 36 in (91-5 cm) Lead Intensifying Screens 


‘INDUSTREX’ X-RAY FILM, TYPE D 
Development: 4 min DX-80 at 20°C (68°F) 


| Oe 
BENWZA226 
Ais 


i 


Thickness cf steel in inches 









































Exposure in curie-hours 


‘KODIREX’ X-RAY FILM 
Development: 4 min DX-80 at 20°C (68°F) 


Thickness of steel in inches 














Exposure in curie-hours 
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The following product names appearing 
in this Data Sheet are trade marks 
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THE RECORDING OF 
CATHODE-RAY-TUBE TRACES 





THis sheet is concerned only 
with giving a brief account 
of the photographic recording 
of cathode-ray-tube traces. 
The problems associated with 
electro - magnetic - oscillo- 
graph recording are less 
severe and there are fewer 
variables. 

Figure 1 illustrates one of 
the types of trace that it may 
be necessary to record—the 
repetitive trace, in which the 
fluorescent spot repeatedly 
traverses the same path on 
the cathode-ray-tube screen. 
A simple type of still camera 
can be used to record this 
type of trace although special 
single-shot oscilloscope cam- 
eras, as shown in Figure 2, 
are available. With this type 
of trace there is no real ex- 
posure problem since the 
exposure can be prolonged 
until sufficient density is 
obtained. 

When it is necessary to 
record transients the problem 
is less simple, as the spot 
only traverses the screen 
once. When the instant of 
occurrence of the transient is 
known, the oscilloscope time 
base can be started a little 
beforehand (or operated by 
the transient itself), and the 
shutter of the recording cam- 
era can be opened at the 
appropriate instant. A trace 
of this type—the performance 
curve of a camera shutter— 





Figure | 





is shown in Figure 3, and By courtesy of Ampex Electronics Ltd. 
this type of trace can be Figure 2 
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photographed with a. still 
camera. Transients which 
may occur at an unknown 
instant and which may con- 
tinue for some time must be 
photographed continuously, 
using a camera in which the 
film is moved perpendicu- 
larly to the direction of move- 
ment of the spot (in this case 
the time base is switched off). 
Figure 4 shows a commercial 
type of moving-film camera. Figure 3 





EXPOSURE DETERMINATION 


Problems of exposure arise 
mainly in the recording of 
transients; there are many 
factors controlling the ex- 
posure obtained and these 
are each briefly dealt with 
below. In general, it is not 
easy to predict the best 
exposure conditions for any 
given set-up; determine the 
correct value by trial. 


Types of screen 


There are two main types 
of cathode-ray-tube screen in 
common use. The first of 
these is the Willemite: this 
gives a green fluorescence and 
has an after-glow of moderate 
duration which makes it suit- 
able only for recording slow 
transients. It is mainly in- 
tended for visual observation. 

The second type is the zinc-sulphide screen, which gives a blue fluor- 
escence, is highly actinic, has a short after-glow and is very suitable for 
all photographic recording. 





By courtesy of Ampex Electronics Ltd. 
Figure 4 


Tube voltage and current 


The conditions under which the cathode-ray tube operates clearly 
have a bearing on the exposure obtained. Thus, the brightness of the 
spot rises approximately as the square of the anode voltage of the cathode- 
ray tube, when the current in the electron beam is kept constant. If the 
beam current is allowed to increase also, a further gain is obtained, the 
increase in spot brightness being proportional to the current at constant 
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voltage. Thus, in a case where it is difficult to get sufficient exposure, 
considerable improvement can often be obtained by increasing the 
operating potential of the cathode-ray tube. There may also be some 
increase in trace density since the focus of the fluorescent spot improves 
as the tube voltage rises, although this may be partly offset by a deterioration 
of focus with increase of tube current. 


Writing speed 


When recording transients, the writing speed of the spot across the 
screen determines the exposure and hence the trace density. Conversely, 
for a given set of conditions, the least density difference discernible 
against the background of fog determines the highest writing speed that 
can be recorded. The exposure time of the material when recording a 
cathode-ray-tube trace is about the time taken for the spot to move a 
distance equal to its own diameter. In some cases this exposure time 
may be as small as 10% second, far shorter than the time in which any 
other type of photograph can be taken. This illustrates the fact that a 
fluorescent spot can be the most intense light source known, when assessed 
by brightness per unit area. 


Lens aperture 


The aperture of the lens of the recording camera is one controlling 
factor in determining the highest writing speed which can be recorded. 
Much useful work can be done with ordinary camera lenses of aperture 
f/3°5 or 4:5, although enlarging lenses may give better definition. Small 
apertures are preferable when they can be used since cathode-ray-tube 
screens are often curved and some depth of field is necessary. Special 
recording-camera lenses working at apertures of f/1 or even larger are 
commercially obtainable and widely used. They are usually restricted 
to a fixed magnification. 


PHOTOGRAPHIC MATERIALS 


There is a wide range of photographic materials suitable for the record- 
ing of cathode-ray-tube traces, and further information regarding their 
characteristics and choice may be found in Data Sheet SE-8. Satisfactory 
results can often be obtained with normal negative materials, but for critical 
work the special recording films or papers are to be preferred. Recording 
films are available with orthochromatic or panchromatic sensitizing. For 
high-speed work, a panchromatic film such as ‘Kodak’ R.60 Recording 
film is the most versatile since it can be used with screens of any colour. 
Many workers, however, prefer an orthochromatic material, such as 
‘Kodak’ R.55 Recording film, and there is very little difference between 
these two films in their speed to blue and to green screens. Further 
details concerning these recording films may be found in Data Sheet 
FM-60. 

The recording papers are easier to handle and view, and permit the 
making of direct annotations on the record. They are available with blue 
and orthochromatic sensitizings in a range of speeds, the highest of which, 
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Figure 5 

















By courtesy of | 
Ampex Electronics 
Ltd. 





however, is rather lower than that of the recording films. Further 
details of these papers are available from Data Sheets PP-8 and PP-8A. 


PROCESSING 


As a result of the very short exposure times used, even when photo- 
graphing quite slow moving spots, it is recommended that a somewhat 
longer developing time be given than that considered normal; usually 
about 50 per cent more is satisfactory. For much work the processing 
conditions are not critical, but high contrast is usually required. For 
ultimate speed and contrast, negative materials can be developed for 
9 minutes at 68°F (20°C) in D-19b developer. The rather high fog 
level which this processing produces is not usually important. The 
normal processing cycle can be completed in about 30 minutes but where 
the results must be viewed after the shortest possible delay, ‘Kodak’ 
Quick-Finish Developer and Fixer may be used; this enables processing 
to be completed very rapidly—usually between one and three minutes. 

Much fuller information on all aspects concerning the processing of 
recording materials may be found in Data Sheet PR-4. 


RECENT ADVANCES 


There are a number of new developments in the field of oscilloscope 
recording. One is the ready availability of very-high-intensity cathode- 
ray tubes intended for trace recording at high writing speeds. Another 
is the Polaroid Land camera, a piece of equipment which is extremely 
convenient for cathode-ray-tube photography, automatically producing as 
it does a positive print within a minute or so of exposure. One important 
step forward is the availability of simple and convenient processing 
machines which can be operated in full daylight and yield a developed 
trace only a very short time after exposure. Such units, an example 
of which is shown in Figure 5, are likely to come into widespread use. 
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‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





SCIENTIFIC APPLICATIONS 





SC-|  Photo-Elastic Stress Analysis 

SC-2 Standard Representation Photographs 

SC-3  Ultra-Violet Photography 

SC-4  Ultra-Violet Photomicrography 

SC-5 Photomicrography with a Simple Camera 

SC-6 Recording Thin-Layer Chromatograms 

SC-7 Infra-Red Photography 

SC-9 Deciphering Charred Documents 

SC-10 Autoradiography 

SC-I| Photomacrography 

SC-12 Photomicrography : Centring and Adjustment of Apparatus 
SC-13 Exposure in Photomicrography 

SC-I5 The Photographic Aspects of X-ray Crystallography 


See overleaf for associated Data Sheets contained in other sections 


‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





RF-10 
CN-4 
IN-2 
IN-8 
IN-9 
IN-10 
IN-1] 
IN-12 
CL-6 
CL-7 
CL-8 
CL-9 
PR-5 
SE-3 
SE-5 
SE-6 
SE-7 
SE-9 


Associated Data Sheets contained in other sections 


The Dimensional Stability of Photographic Films and Plates 
16 mm Cine-micrography 

High-Speed Photography 

Recording Temperature Distribution 

Sulphur Printing of Steel 

Photography of the Macrostructure of Metals 
Photomicrography in Metallurgy 

Contact Microradiography 

Exposure in Colour Photography 

Problems in Colour Photography 

Colour Photography by Artificial Light 

Colour Photography and the Human Eye 

Uniform Development of Photographic Plates 

‘Kodak’ Scientific Plates 

‘Kodak’ Photographic Materials for Electron Micrography 
‘Kodak’ Photographic Materials for Technical Use 
‘Kodak’ Photographic Plates for Spectrography 

‘Kodak’ Photo-Sensitive Resists in Industry 
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KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





SCIENTIFIC APPLICATIONS 





SC-|  Photo-Elastic Stress Analysis 

SC-2 Standard Representation Photographs 
SC-3 Ultra-Violet Photography 

SC-4 Ultra-Violet Photomicrography 

SC-5 Photomicrography with a Simple Camera 
SC-7 Infra-Red Photography 


SC-8 Application of Infra-Red Photography in the Study of Plant 
Diseases 


SC-9 Deciphering Charred Documents 

SC-10 Autoradiography 

SC-I| Photomacrography 

SC-12 Photomicrography : Centring and Adjustment of Apparatus 
SC-13 Exposure in Photomicrography 

SC-14 Phase-Contrast Photomicrography 

SC-I5 The Photographic Aspects of X-ray Crystallography 


See overleaf for associated Data Sheets contained in other sections 
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RF-10 
CN-4 
IN-2 
IN-8 
IN-9 
IN-10 
IN-I1 
IN-12 
IN-18 
CL-6 
CL-7 
CL-8 
CL-9 
PR-4 
PR-5 
SE-3 
SE-5 
SE-6 
SE-7 
SE-8 


Associated Data Sheets contained in other sections 


The Dimensional Stability of Photographic Film 

16 mm Cine-micrography 

High-Speed Photography 

Recording Temperature Distribution 

Sulphur Printing of Steel 

Photography of the Macrostructure of Metals 
Photomicrography in Metallurgy 

Contact Microradiography 

The Recording of Cathode-Ray-Oscilloscope Traces 
Exposure in Colour Photography 

Problems in Colour Photography 

Colour Photography by Artificial Light 

Colour Photography and the Human Eye 
Processing Recording Films and Papers 

Uniform Development of Photographic Plates 
‘Kodak’ Scientific Plates 

‘Kodak’ Photographic Materials for Electron Micrography 
‘Kodak’ Photographic Materials for Technical Use 
‘Kodak’ Photographic Plates for Spectrography 


Characteristics, Choice, and Availability of ‘Kodak’ Recording 
Materials 
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SCIENTIFIC APPLICATIONS 


CONTENTS EDITION 
SC-| Photo-Elastic Stress Analysis Issue A 
SC-3 Ultra-Violet Photography Issue C 
SC-4 Ultra-Violet Photomicrography _ 

SC-6 Recording Thin-Layer Chromatograms Issue A 
SC-7 Infra-Red Photography Issue B 
SC-8 16 mm Cine-Micrography Issue A 
SC-10 Autoradiography Issue C 
SC-I | Photomacrography Issue B 
SC-I12 Photomicrography : Centring and Adjustment of Issue A 

Apparatus 

SC-13 Exposure in Photomicrography Issue B 
SC-15 The Photographic Aspects of X-ray Issue A 


Crystallography 


Associated Data Sheets in other sections 


RF-10 The Dimensional Stability of Photographic Films and Plates 
FT-3 Kodak ‘Wratten’ Filters for Scientific and Industrial Purposes 
IN-2. High-Speed Photography 

IN-8 Recording Temperature Distribution 

IN-10 Photography of the Macrostructure of Metals 

IN-I 1 Metallography 

IN-I2 Contact Microradiography 

CL-6 Exposure in Colour Photography 

CL-7_ Problems in Colour Photography 

CL-8 Colour Photography by Artificial Light 

CL-9 Colour Photography and the Human Eye 

PR-5 Uniform Development of Photographic Plates 

SE-3 ‘Kodak’ Scientific Plates and Films 

SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 
SE-9 ‘Kodak’ Photo-Sensitive Resists in Industry 

Kodak and Wratten are trade marks KODAK LIMITED LONDON 
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SCIENTIFIC APPLICATIONS 


CONTENTS EDITION 
SC-I Photo-Elastic Stress Analysis Issue A 
SC-3 Ultra-Violet Photography Issue C 
SC-4 Ultra-Violet Photomicrography Issue A 
SC-6 Recording Thin-Layer Chromatograms Issue A 
SC-7 Infra-Red Photography Issue C 
SC-8 16 mm Cine-Micrography Issue A 
SC-10 Autoradiography Issue C 
SC-I | Photomacrography Issue B 
SC-12 Photomicrography : Centring and Adjustment of Issue A 
Apparatus 
SC-I3 Exposure in Photomicrography Issue B 
SC-I5 The Photographic Aspects of X-ray Issue A 


Crystallography 


Associated Data Sheets in other sections 


RF-10 The Dimensional Stability of Photographic Films and Plates 
FT-3 Kodak ‘Wratten’ Filters for Scientific and Industrial Purposes 
IN-2 High-Speed Photography 

IN-8 Recording Temperature Distribution 

IN-10 Photography of the Macrostructure of Metals 

IN-I 1 Metallography 

IN-I12 Contact Microradiography 

CL-6 Exposure in Colour Photography 

CL-7 Problems in Colour Photography 

CL-8 Colour Photography by Artificial Light 

CL-9 Colour Photography and the Human Eye 

PR-5 Uniform Development of Photographic Plates 

SE-3 ‘Kodak’ Scientific Plates and Films 

SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 
SE-9 ‘Kodak’ Photo-Sensitive Resists in Industry 
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PHOTO-ELASTIC STRESS ANALYSIS 


PHOTO-ELASTIC analysis is one of the most effective methods available to the 
engineer for solving problems of stress distribution. In simple cases it 
can be used either alone or as a check on mathematical solutions, while 
reliable information can be obtained on problems which are insoluble 
mathematically, or at least involve complicated and tedious calculations. 
Examples include the stresses round notches and holes in bars, in riveted 
joints, spoked wheels, gear teeth, frameworks with welded joints or 
redundant members, pressed metal work and the stress distribution in the 
threads of bolts and in machine tools while working. 

A scale model is made of the object to be tested, using a suitable trans- 
parent material. Loads proportional to those acting on the real object are 
applied to the model and, by viewing it in a suitable polariscope, a pattern 
of light and dark bands is seen and can be recorded photographically. 
Typical patterns obtained with monochromatic polarized light are shown 
in Figure 1. In two dimensions, the stress condition at any point can be 
defined by the magnitude and inclination of the two principal stresses and 
it is possible to determine the stress distribution in the model from these 
lines. 

Such stress distribution will be the same regardless of the material of 
which the model is made, provided that only elastic stresses are considered 





Figure I (a). Stress pattern Figure 1 (b). Stress pattern 
obtained in circularly-polar- of the same model as in (a) by 
ized light with model loaded plane-polarized light. Both 
as shown in Figure 2. The tsochromatic and isoclinic lines 
tsochromatic lines only are are recorded. 
recorded. 
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and the material of the real object is homogeneous. The values obtained 
therefore apply directly to the real object constructed of steel, concrete or 
other material 

Two types of lines are observed, the isochromatic lines, which are 
coloured when white light is used and from which the magnitude of the 
difference between the principal stresses is deduced, and the isoclinics, 
which are always black and which give the inclination of the principal 
stresses. 


Optical theory 


The phenomenon depends on the fact that the transparent material of 
which the model is constructed becomes birefringent when it is stressed. 
Plane-polarized light passing into a material of this type is split into two 
components vibrating in the directions of the principal stresses and travel- 
ling through the material at different velocities (Figure 2). If, after 
emerging from the model, these two components are re-combined by 
passing the light through an analyser they interfere if they are out of phase 
and produce the isochromatic lines observed. The extent to which the 
two components are out of phase at any point in the model depends on 
the degree of birefringence at that point, this in turn depending upon the 
magnitude of the two principal stresses at the point. When the plane of 


POLARISATION 


PLANE OF 











RETARDATION 
Soe 


RETARDATION 
LIGHT 


SOURCE 


ANALYSER 
LOADED 
POLARIZER MODEL 

Figure 2 


the incident polarized light coincides with the direction of one of the 
principal stresses the light passes straight through the model and is cut 
out by the analyser (the plane of which is at right angles to that of the 
polarizer, i.e., ‘‘ crossed’). A black isoclinic line is thus formed. Fre- 
quently it is easier to examine the isochromatic lines if the isoclinic lines 
are removed and this may be done by using a quarter-wave retardation 
plate on either side of the model, between the polarizer and analyser. The 
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light passing through the model is then circularly polarized and the iso- 
clinic lines naturally disappear owing to the non-directional character of 
the light. When monochromatic light is used the isochromatic lines 
appear black; this has been used in the case of the patterns illustrated in 
Figure 1 in order to avoid the necessity of providing an illustration in 
natural colour. When quantitative results are required it is normal prac- 
tice to use monochromatic light. The isochromatic lines are then so clear 
that it is possible to record stress concentrations which are sufficiently 
great to produce lines of the 12th or 15th order, this stress being near 
the region of elastic failure of the plastic. With a white light source, 
however, the coloured lines become indistinct above the 5th or 6th order; 
nevertheless, white light is most useful for quantitative work with small 
stresses, for distinguishing between the isochromatic and isoclinic lines, 
and particularly for demonstration work. 


Apparatus 1, 2, 3, 4, 5, 6, 7 

The layout of a polariscope suitable for photographing the patterns 
obtained is shown in Figure 3. 

For black-and-white photography of the fringes a monochromatic light- 





Figure 3 


source should be used at L. For colour photography with Type B colour 
films a 3200°K lamp should be used, and for ‘Kodachrome’ II, Type A, 
Film a Photoflood lamp, either No. 1 or No. 2, is required. Green light 
from a mercury lamp is commonly used in monochromatic work, a 
‘Wratten’ Filter No. 74 at F cutting out unwanted parts of the spectrum. 
Alternatively, a ‘Wratten’ Filter No. 22 will isolate the yellow band in 
the mercury spectrum. A sodium lamp can be used without a filter. 
The polarizer, P, and analyser, A, which are “‘crossed”’ so that no light 
passes directly through the system, are conveniently made of ‘Polaroid’ 
plastic sheet. Nicol prisms may be used but since these are only available 
in small sizes, they must be placed outside the lenses where the light 
beam is of small diameter. Any stresses in the lenses will then produce 
an unevenly illuminated field. @Q, and Q, are the quarter-wave plates, 
usually made of sheet mica selected for freedom from flaws, which are 
placed in position when it is desired to remove the isoclinic lines. Each 
must be orientated in the correct way, which can be determined by trial. 
When both are in their correct positions the isochromatic lines remain 
unchanged in position and colour but the isoclinic lines vanish. The 
double condenser, C,, should be greater in diameter than the height of 
the largest model to be examined unless it is proposed to scan various 
parts of the model in turn. The focal length of this condenser is im- 
material but it must be mounted to produce a parallel beam of light 
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through the model M, to the second condenser, C,. This converges the 
light so that it may pass into the camera lens and at the same time acts 
as a supplementary lens to enable the camera to focus on the model at 
as short a distance as possible. It should have about the same focal 
length as the camera lens used and should be mounted truly perpendicular 
to the axis of the polariscope. If these points are overlooked the aber- 
rations introduced will interfere with the quality of the photographic record. 


A large record is desirable both for direct examination and for the 
convenience of visual inspection during the setting up of the polariscope 
and the subsequent loading of the model. A camera of quarter-plate or 
half-plate size, such as the ‘Kodak’ Specialist, will be found suitable. 
Provision should be made for considerable extension between the lens and 
the plate in order to obtain as large a record as possible. The lens used 
should have a focal length of at least 12 inches for these sizes of plate and 
should preferably be an anastigmat or an apochromat of the type used for 
process and copying work. A miniature camera with extension collars 
may be used preferably with a long-focus lens but it is almost essential to 
use a camera in which the image can be examined on a screen, as with the 
larger types of camera, in order that the pattern may be observed while 
the load is being applied. 


The model 


The greater bulk of photo-elastic work done is two-dimensional stress 
analysis, the models being sections of the object under investigation. The 
sensitivity of the technique increases with increasing model thickness; but 
the thickness is limited by the necessity for the stress distribution through 
the model to be constant through the thickness; quarter inch is usually 
convenient. Two-dimensional models may be made of Bakelite BT-61- 
893, or ‘Catalin’. 

The surface of the material used should be polished; it is usually possible 
to obtain it from the makers suitably finished. Although initial stresses 
in the material may be reduced by an annealing process it is better to 
choose areas of the sheet which are free from initial stress and to avoid 
heating and the production of built-in stresses during the fabrication of 
the model. The list of references at the end of this Data Sheet includes 
two on the technique of making models.' & For the most accurate 
determination of stresses right up to the boundaries, any photograph 
should be taken within a few hours of cutting-out the model. 

In three-dimensional work the models investigated are plane sections of 
appropriate thickness cut from a complete model. The surfaces of the 
section examined must be polished or covered with a material of suitable 
refractive index. The stresses are “ frozen ” into the model: it is heated 
up and slowly cooled while it is under load. ® 

Bakelite BT-61-893 or ‘Fosterite’ material are very suitable for frozen 
stress work. 


Photographic materials 


For monochromatic work ‘Royal-X’ Pan film or P.1200 plates 
should be used for shortest exposures or ‘Kodak’ P.200 plates for high 
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resolution of fine lines and for high contrast. O.800 plates may be used 
if the green lines of the mercury spectrum are being used, but these plates 
are not sufficiently sensitive to the yellow portion of the spectrum to be 
used with a sodium lamp or the yellow line of the mercury spectrum. 
‘Panatomic-X’ film is also suitable and is particularly recommended for 
35-mm work. The negatives should be fully developed in order to 
obtain high contrast between the lines and the background. The exposure 
should be adjusted to give almost transparent lines in the negative and 
the background should then be relatively dense. Prints should be made 
on the appropriate contrast grade of white smooth glossy ‘Kodak’ 
Bromide Paper. 

For records in colour, ‘Ektachrome’ Film, Type B, or 35 mm ‘Koda- 
chrome’ II Film, Type A, is recommended. The correct exposure may 
be determined by comparison with a known standard negative film or 
plate, and it is advisable to include one exposure on a simple test object, 
such as a bar under uniform bending moment, with each batch of colour 
film, for comparison purposes. Some plastic materials are rather yellow- 
ish in colour but if this colour obtrudes in a colour photograph it may be 
compensated usually by the use of a suitable pale-blue filter over the 
light source or camera lens during exposure (Data Sheet CL-3). 


Analysis of the records obtained 
Photographs may be used to obtain the following information :— 
| The stress distribution over the model from a general examination. 


2 The value of the difference between the two principal stresses, P and Q, 
from the isochromatic lines. 


3 The value of one of the principal stresses at a boundary. 
4 The directions of the principal stresses from the isoclinic lines. 
5 The maximum shear stress. 


In the general examination the isochromatic lines may be regarded as 
contours of stress. Just as crossing the contours of an ordinary map 
indicates going up or down a slope, so crossing the isochromatic lines 
indicates moving from a region of low stress to one of higher stress or 
vice versa. Where many lines are crowded together it follows that the 
material is not being used to carry the applied load in the most economical 
way. If no regions are overstressed then other regions are not carrying 
their full working stress. In Figure l(a), the stress concentrations round 
the notches are seen. The photo-elastic technique is convenient for 
comparing the effects of slight modifications of the shape of such notches. 
General comparisons of the concentrations of stress in several alternative 
designs may be made without further analysis. 

At every point on any one isochromatic line the difference between the 
values of the principal stress (P—Q) is constant. By watching the model 
as the load is applied it is easy to determine the “‘ order ” of any line, for 
the lines grow steadily outward from some point of origin as the load is 
increased (a line is said to be of the mth order if it is the mth line to have 
appeared at the origin). Each isochromatic line represents a definite 
stress concentration which may be determined by loading, under uniform 
tension, a strip of the same sheet from which the model was cut and noting 
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the stress necessary to produce each line. For instance, if 80 Ib per 
sq. inch are needed to produce a line in this test, the stress difference 
(P—Q) along a 4th order line in the model will be 80 x 4=320 lb per 
sq. inch. This Bives also the maximum shear stress, S,,... from the 
relation Sinax. =} (P—Q). 

The values of (P—(Q) also give the maximum stresses at the boundaries 
of the model since one of the principal stresses will be zero at a boundary. 

The direction of the principal stresses can be determined from the 
isoclinic lines. These stresses are constant along each of these lines and 
are parallel or perpendicular to the direction of the plane of polarization 
of the polarizer. As the polarizer and analyser are rotated together, 
keeping them crossed, these lines move across the model, and a series of 
photographs taken at known degrees of rotation thus enable the directions 
of the principal stresses to be determined at every point in the model. 

Various techniques are available for determining (P+ Q) at any point 
in the model. In conjunction with the values (P—Q) obtained photo- 
elastically, this gives values of P and Q separately all over the model. 
14 methods of performing this separation are described in Reference 10. 


Three-dimensional analysis 


The information given above deals mainly with two-dimensional 
analysis but a considerable amount of three-dimensional stress analysis has 
been done by utilising the effect that if certain materials are stressed at 
elevated temperatures and cooled while still under stress, stress patterns 
are frozen into the model and remain even if it is cut into slices. Appre- 
ciable heat must not be generated during the slicing. These sections may 
then be examined in the ordinary way to give the stress distribution on 
selected planes in the original three-dimensional model. ‘Fosterite’ 
material was developed specifically for three-dimensional work, but the 
phenol-formaldehyde resins are also suitable.) 12. A technique using 
light scattered and polarized inside the model has also been devised.!* 14 
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STANDARD REPRESENTATION PHOTOGRAPHS 





THE need for as accurate a photographic representation as is attainable is 
arising with increasing frequency in industry. Dr. R. G. Hopkinson 
(late of the G.E.C. Research Laboratories) has investigated the practical 
and theoretical problems that are involved and has evolved a standardised 
but simple technique whereby photographic representations of engineer- 
ing accuracy can be prepared by skilled laboratory operators, without 
recourse to the artistic skill of the operator. 


Although primarily developed as a technique for producing as accurate 
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Figure |. Reproduction obtained in practice with best available negative and 
bromide paper 


a photographic rendering of street-lighting installations as is obtainable 
with modern photographic materials, suitable modifications of the pro- 
cedure are obviously applicable in other connections. 


It is usually accepted that accurate tone reproduction demands that the 
record be confined to the straight-line portion of the characteristic curves 
of the negative and positive material. This, however, is not necessarily 
the case and although it is possible to prepare photographic material with 
an appreciable straight-line portion, in practice it is often found that other 
desirable properties such as adequate working speed, fine grain and suitable 
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colour sensitivity are only present in materials whose characteristics over 
a useful range are curves rather than straight lines. 

Providing, however, that the characteristic curves of negative and 
positive material are as straight as other considerations will permit and the 
material is processed so that these curves are mutually complementary, 
substantially straight-line reproduction is obtainable (see Figure 1). 

After a comprehensive examination of available negative and positive 
materials, Dr. Hopkinson selected the ‘Kodak’ P.1200 plate as negative 
material and ‘Kodak’ BGI grade of bromide paper (see Appendix) for 
making the prints. The characteristic curves of the chosen materials 
when processed under the specified conditions are shown in Figure 1, the 
final overall characteristics of the reproduction being shown in the lower 
right-hand quadrant. 

With subjects of limited brightness range, reproductions which are 
subjectively truthful as engineering records can be obtained. In other 
cases, adherence to a standardised procedure of this type will yield standard 
records which for comparative purposes are as useful as if they were 
subjectively correct. Full details of the technique are given in the paper 
by Hopkinson entitled, “The Photographic Representation of Street 
Lighting Installations”, which appeared in Trans. Illum. Eng. Soc. 
(London), I, 2, Feb. 1936, pp. 19-39, but the following summary indicates 
the nature of the steps involved, and gives some working details. 


STANDARDS AND LIMITS 


1. The focal length of the lens taking the photograph must be equal to 
or greater than twice the diagonal of the useful part of the negative. The 
lens must be stopped down to avoid vignetting and to give depth of field. 
An anastigmat free from flare is recommended. 


2. The colour rendering in monochrome of the negative material used 
must, in conjunction with a suitable filter (either before the plate or in the 
lens), approximate as closely as possible to the average visual luminosity 
curve. 


3. The relation between the density D of the final positive and the 
logarithm of the corresponding brightness, log B, in the subject should be 
represented as nearly as possible by a straight line, at 45° to the axes, 
which passes through the point (Dx, log B,) where 


Dx = log By. — log By + 0°3, when Boy. is above 10 e.f.c. 
Dx = 0°65 log Bay. _ B, + 0°5, when Bay. is below 10 e.f.c. 


Dx = 0°65 log B — log B, + 0°7, for street-lighting photographs. 


min. 


Bay is the average brightness of the scene and Bin the lowest brightness 
(in the case of street-lighting installations only). The three straight lines 
are represented graphically in Figure 2. 
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The slope of the straight-line 
portion of the overall characteristic 
should not be less than unity, nor 
should the departure of any point 
on the overall characteristic from 
this straight line exceed 0°1 on the 
ordinate (density) scale. 


4. Positive prints should be 
viewed in a room with no additional 
illumination above that generally 
prevailing in the room. The illumi- 
nation prevailing should not be less 
than 5 foot candles. If the prints 
are to be provided with a large 
surround, it should be of grey card 
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Figure 2 of density = 0°3. 


TECHNIQUE APPLIED TO STREET PHOTOGRAPHY 


Note : This technique cannot exactly be followed with present materials 
of the types named. It is intended merely to serve as a guide to those 
attempting to work out their own conditions. 


Work on site 


LENS AND 
CAMERA 


CAMERA HEIGHT 


PLATES 


FILTER 


PHOTOMETER 


BRIGHTNESS 
MEASUREMENTS 


EXPOSURE TIME 


Half-plate camera adapted to take quarter-plates. 84 in. 
J/4°5 lens, operating at an aperture not greater than {/5°6 
or 10 in. single achromatic lens, operating at f/16. 


Under normal conditions, at 5 ft. high (i.e., average eye 
level). 


‘Kodak’ P.1200. 


‘Wratten’ filter No. 11 (X1). No filter for low levels of 
illumination. 


Visual-brightness photometer. (Various types—see 
Appendix.) 


1. Measure vertical illumination falling on the camera 
lens, all bright sources screened. 


2. Measure and record on sketch the individual bright- 
nesses of several large areas of scene, covering bright- 
ness range of subject. 


Set exposure calculator (see Appendix) to straddle the 
brightness range of the scene, and read off correct expo- 
sure for the stop to be used. 
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Preparation of Negatives 


CHECK WEDGES 


DEVELOPER 


TEMPERATURE 


DEVELOPMENT 
TIME 


FIXING BATH 


PROCEDURE 





Expose all plates, including spares, to a check wedge 
apparatus. Exposure to wedge = 60 seconds (back- 
ground brightness to wedge = 0-002 e.f.c.). 


Kodak formula D.157 (see Appendix). 
65° F. + 0°2° F. 


Incident Light Development Time* 


Tungsten . . ar 3. minutes at 65° F. 


Mercury . é 3°5 
Sodium . : 2-75 
Daylight. 2. 2. 2. 2... 3-25, 


* Last check of these development times was in October, 1939. 





Develop by brushing the surface of the plate with a broad 
camel-hair brush throughout the development period. 


Stop development in Kodak stop bath formula F.53. 
Fix in Kodak fixer formula F.54a. 


Develop first spare plate, and plot characteristic, 
measuring density by diffuse light. Slope of the charac- 
teristic at step of wedge where density is 1-5 should be 
as indicated in the table. 


Incident Light Slope of Curve If the correct slope is not 

—...— _ obtained, adjust the develop- 

ment time by the followin, 

Mercury i" 33 formula. a time . 

Sodium , ae minutes, at 65° F. = origi- 

Dar Went s 3: re0 nal time at 65° F. — 4 
(original y—required y). 


Tungsten. . 1-25 


Develop second spare plate. Measure characteristic. 


If slope is correct, proceed to develop all plates. 


DRYING After washing for 1 hour, wipe off surface moisture from 


emulsion, and lay negatives emulsion side up on a 
horizontal sheet of photographic blotting paper, with the 
edges touching. 


Preparation of Paper Positives 


PAPER 
DEVELOPER 


TEMPERATURE 
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‘Kodak’ BG] (see Appendix). 
Kodak formula D.157 (see Appendix). 
65° F.+ 1° F. 





DEVELOPMENT 11 minutes. 
TIME 


FIXING BATH Kodak formula F.52 or F.54 — 15 minutes. 


DEGREE OF ‘To obtain correct perspective when viewing, the distance 
ENLARGEMENT at which photographs are to be viewed must be known. 
(A suitable distance for normal reading and viewing is 

13 inches; for photographs for display 30 inches.) 


Degree of enlargement— 
Required viewing distance 
Focal length of camera lens 


PROCEDURE Make trial print and check density in area of datum 
brightness, this density having been previously calcu- 
lated. Use print-exposure calculator to indicate expo- 
sure for final print. Remember that density when dry 
= 1:05 x density when wet (approximately). Measure 
overall characteristic of final print when dry, plotting 
density measured by diffuse light against log. brightness 
of original scene. Measured characteristic should lie 
about a line at 45° and departure from it should not 
exceed 0:1 in density. 
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APPENDIX 


All the pieces of apparatus mentioned in the text, except the lenses, were 
made up specially for the work and are not commercially available. 
Anyone wishing to repeat the work 
will have to make his own, the speci- 
fication being given in Dr. Hopkin- 
son’s original paper. The notes 
below are appended in order to 
explain the principles involved. 

The characteristic curve of any 
material shows the connection be- 
tween image density and subject 
brightness and the range of bright- 
nesses which can be included on 
the straight-line portion of the 
characteristic curve for a given 
time of exposure at a given stop. 


If, therefore, the brightness range 
of the subject is measured, suitable 
exposure conditions which will 
place this range on the straight-line 
portion of the plate curve can be 
calculated. 

The brightness meter used by 
Dr. Hopkinson consists essentially 

Figure 3. Exposure Calculator of fifteen silvered spots in a field of 
clear glass placed at 45° to a trans- 
lucent screen illuminated from one 

end. These fifteen spots are therefore of decreasing brightness. The 
subject is viewed through the glass field and the meter moved till one spot 
disappears against the background whose brightness is required. The 
meter is calibrated to read equivalent foot candles. 

The exposure calculator made by Dr. Hopkinson consists of a fixed dial 
carrying scales of brightness and exposure, whilst on a moving dial are 
marks indicating the brightness range which can be recorded on the useful 
part of the characteristic curve of the negative emulsion and other marks 
indicating the lens aperture. 

The brightness range of the subject having been detected, it is straddled 
by the plate marks on the brightness scale, when the exposure for various 
apertures is read off from the dial. (See Figure 3.) 

The check wedge apparatus consists of a box, one side of which is 
provided with an opal glass window over which is placed a step wedge of 
20 steps from D = 0 to D = 3:0. The opal glass window is illuminated 
uniformly to a brightness of 0°002 equivalent foot candles by a lamp 
(controlled on volts) and a suitable optical arrangement. In use the plate 
is placed over the glass window, in contact with the wedge, and the lamp 
switched on for the correct time (60 seconds). 

The print-exposure calculator is not an essential if a reflection densito- 
meter is available. 
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Kodak D.157 developer is now obsolete and anyone wishing to use the 
technique described in this sheet should work out his own methods using 
an available developer, such as ‘Kodak’ Special Developer D.163. For 
the sake of a complete record, however, formula D.157 is given below :— 


D.157 Kodak Bromide Developer 


Metric Avoirdupois 
1-8 grams . ‘Elon’ . Y a's 65 grains 
69 grams. Hydroquinone. . . . 245 grains 

75:0 grams . Sodium sulphite (cryst.) . 6 ounces 
750 grams . Sodium carbonate (cryst.) . 6 ounces 
0°46 grams . . Potassium bromide . . 16 grains 

1000 cc. . . . Watertomake. . . . . . . . 80 ounces 


Dissolve the chemicals in the order given. Use without dilution. 


‘Kodak’ BG1 Bromide Paper has since been renamed ‘Kodak’ Bromide 
Paper WSGIS; this should be used in place of the BG1 paper for the 
purpose described in the text. 


By courtesy of Dr. R. G. Hopkinson, F.R.P.S., and the General Electric Co. Ltd. 
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KODAK 
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KODAK LIMITED LONDON 
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ULTRA-VIOLET PHOTOGRAPHY 





ULTRA-VIOLET radiation is employed in forensic science, in the examination 
of works of art and for several specialised industrial techniques. Many 
materials, appearing similar to the eye, can be distinguished by their 
different fluorescence under ultra-violet rays, and this may be recorded 
photographically. Apart from this, however, all photographic materials 
are sensitive to part of the ultra-violet portion of the spectrum and direct 
records can therefore be made by the use of these rays instead of white 
light; this can be of considerable value in cases where materials which 
have identical reflection and absorption characteristics in white light have 
different characteristics in the ultra-violet. 


The fluorescence method 


The recording of the fluorescence of certain materials involves the 
photography of very faint luminous patches. It is therefore essential 
to subdue visible lighting, so that the fluorescence becomes visible in 
the darkness. In addition to this, the ultra-violet radiation may need to 
be screened from the photographic material, when the fluorescence is 
weak. In this case, the use is recommended, over the lens, of a ‘Wratten’ 
Filter No. 2B (see Data Sheet FT-9), which absorbs ultra-violet radiation 
and does not itself fluoresce when exposed to ultra-violet rays. It is 
available either in gelatine film form, which is very suitable for experi- 
mental work, or cemented between various qualities of glass. Its total 
transmission to the visible spectrum is 90 per cent, and therefore com- 
paratively little additional exposure is required. 


As it is desired to illuminate the subject by ultra-violet rays only, 
either a “ black glass ” mercury-vapour lamp, or a closed carbon-arc lamp 
screened with Wood’s Glass (available from Chance Bros. Ltd., of Smeth- 
wick, Birmingham, as glass No. OX1), must be used. Where the fluor- 
escence is weak, the Wood’s Glass may be used in conjunction with the 
“black glass” mercury lamp, as this alone in some circumstances is not 
sufficiently opaque to yield satisfactory results. Any normal camera 
equipment is suitable for this work. 

When using the normal fluorescence method, it is recommended that a 
panchromatic material be used, so that the fluorescent radiations of all 
colours can be recorded. Orthochromatic materials, however, may be 
used satisfactorily when the colour of the fluorescence is blue or green. 
Colour film may also be used with success when results in full colour are 
desired, provided the fluorescence is fairly strong. 


The following table may be used as an approximate guide to exposure. 
The lamp (in this case a Hanovia Model X1) was 2 feet from the subject, a 
‘Wratten’ Filter No. 2B was over the lens and an aperture of {/5*6 was used 
in all cases. Because of the comparatively low inherent contrast of most 
fluorescent radiations, it is recommended that development be extended to 
50 per cent more than that considered satisfactory, in normal photography, 
for each particular monochrome material. 
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‘Kodak’ Material Exposure Time 


P.1600 Plate L 
8 to 30 sec 
'Paachro-Rayal” Sheet Eilat NG eee are 
P.300 Plate . alt 5 
| to 4 
‘Kodachrome’ II Film, type A 5 ee 
‘Ektachrome’ Roll and Miniature Film, Tie F (Process Es 2) 
‘Kodachrome’ Film, Type A ; } 2 to 8 min 
‘Ektachrome’ Sheet Film, Type B (races E- 3) 





An important application of this method to industry is a specialised 
technique which is used to record cracks and porosity of metals. The 
specimen under examination is bathed in a solution of highly fluorescent 
material dissolved in a volatile solvent. This solution creeps into the 





Courtesy Colloidal Research Laboratories Lrd. 


Figure |. Fluorescence photograph showing fine grinding 
cracks on the centre boss of a sintered carbide cutter. 


cracks or areas of porosity, the solvent evaporates, and the fluorescent 
material is left. The metal is then washed in the solvent alone to remove 
the fluorescent material from the external areas and is photographed by the 
fluorescence method. In addition, a little ordinary white light may be 
used to illuminate the whole subject; the object of this is to record, in 
relation to the specimen, the position of the crack, or the area of porosity 
(Figure 1). 

Another application is in testing the efficiency of methods of de-oiling 
or de-greasing machine parts (Figure 2) and in detecting the presence of 
oils on fabrics. As most oils and greases fluoresce strongly in ultra-violet 
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Figure 2. Photograph of the fluorescence produced by ultra-violet radiation in 
the grease remaining on the surface of a series of samples of sheet metal after 
degreasing treatment. 


radiation, their presence may easily be detected. A little white light may 
also be used here, as above, to position the areas under examination. 

Other uses include the examination of samples of insulating materials 
which have been subjected to life tests. Any deteriorated areas, invisible 
in white light, and the presence of certain contaminants, may be revealed. 
Fluorescent testing is being increasingly used for the identification of raw 
materials, particularly those of an organic nature. 


The direct method 


If it is desired to take photographs by ultra-violet radiation alone, 
in order to record invisible writing and other subjects which depend upon 
differences in reflectivity under ultra-violet illumination, it is necessary 
to use an ultra-violet transmitting filter over the lens of the camera. 
However, if such a filter is used instead over a light-source which emits 
other than ultra-violet radiation or if no filter is used (as in the case of a 
light-source emitting only ultra-violet), then both reflected ultra-violet 
and fluorescence will be recorded. This result can differ markedly from 
that obtained by the use of ultra-violet alone, and a combination of these 
techniques may produce a more informative photograph. 

No filter to prevent ultra-violet radiation entering the lens must be used. 
Ordinary optical glass does not transmit below 350 mw and if shorter 
wavelengths are to be used quartz must be employed instead for lenses and 
filters. However, much useful work can be carried out by using the region 
350 mu to 400 mu. which is transmitted by glass and is emitted strongly 
by the ultra-violet sources mentioned below. Under these conditions, 
any standard type of camera equipment is suitable, though a lens should 
be chosen which does not appear yellowish when held against a white 
background. 

A most suitable and convenient light source is a lamp of the mercury 
vapour type, which requires little or no attention, and radiates the 365 mu. 
mercury line strongly. Another possible source is the closed carbon arc 
lamp which emits radiations of 350 my to 400 mu, but this requires more 
attention. Ordinary electric lamps radiate very little ultra-violet, whilst 
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even sunlight contains so small a proportion as to render its use impractic- 
able. 

For use over the lens, the ‘Wratten’ Filter No. 18A (see Data Sheet 
FT-9) is recommended. The transmission band of this filter in the ultra- 
violet region extends from 285 mz to 395 mu, and although it transmits 
also in the infra-red region this need not concern those who use it with 
the recommended materials, which are insensitive to infra-red. 

Where the light sources are to be screened instead of the lens, Wood’s 
Glass will prove suitable. 

The most suitable material to use for photography in this region is a 
high-contrast material, such as the ‘Kodak’ B.4 Plate or Process Film. 

When it is desired to record wavelengths below 250 my down to 
210 mu, the B.10 Plate is recommended. If it is required to use wave- 
lengths shorter than 210 mu, specially sensitized plates are available as 
‘Kodak’ Scientific Plates (see Data Booklet SE-3). 

As a basis for trial exposures by this method, when using Wood’s Glass 
over the lamps and B.4 Plates, 2 to 10 minutes at //16 with mercury- 
vapour lamps totalling 200 watts, 20 inches from the subject, may be taken 
as an approximate guide. The focal length ofa lens shortens slightly when 
used in the ultra-violet region and it is therefore advisable to work with the 
lens stopped down, or to focus photographically by trial and error. 
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ULTRA-VIOLET PHOTOMIGROGRAPHY 


THE primary use of ultra-violet radiation in photomicrography is to give 
finer resolution of detail, but there are a number of other important appli- 
cations including the elimination of artifacts by the photography of living 
cells, the optical sectioning of materials and the differentiation of structure 
by fluorescence. 

The use of short-wave-length ultra-violet radiation enables photomicro- 
graphs to be taken in which resolution is about twice as great as with the 
shortest wave-length used for visual purposes. This has been applied to 
the study of structure of certain biological specimens, some colloidal 
particles, the nature of pigments and fillers and the mechanism of filtration 
and adsorption. 

Many organic substances absorb ultra-violet rays while appearing quite 
transparent to the eye. Thus structure may be brought out without 
staining the specimen. Living matter has been studied in this way since 
most cells are comparatively unaffected by exposure to radiations of 
wave-length 275-257 mu. Ultra-violet rays will induce fluorescence in 
practically all unpigmented animal and plant cells and tissues and many 
mineralogical specimens, thus enabling unprepared specimens to be photo- 
graphed on ‘Ektachrome’ or ‘Kodachrome’ colour films with the produc- 
tion of pronounced colour differentiation. These two methods have made 
possible the production of photographs of living tissues which cannot 
otherwise be studied because their structure is not visible to the eye. 

As the depth of field with ultra-violet radiation is extremely small it is 
possible to focus on any selected plane in the specimen and thus “‘optical 
sections” may be taken. Sections on planes only 1/16 u apart are possible. 


Apparatus and materials 


Of the two types of apparatus on the market one has the optical system 
corrected so that the photograph may be taken without readjustment after 
the focus has been determined visually by white light. The other is 
focused by means of a fluorescent screen or by an interferometer method. 
The wave-length used in the former is 365 mu, which enables ordinary 
optical glass (which is opaque to shorter wave-lengths) to be used. The 
latter can be used with any ultra-violet wave-length and is constructed of 
quartz in place of glass. 

For wave-lengths down to 220 mu, normal process plates such as ‘Kodak’ 
B.4 or B.40 are recommended. ‘Kodak’ B.10 plates, which have a 
lower proportion of gelatine in the emulsion, can be used down to about 
210 mu. Below this the plates must be specially sensitized.* A high- 
contrast developer such as ‘Kodak’ D.19b is suitable for all plates, whether 
sensitized or not. The specially sensitized plates must be washed in a 
solvent before development to remove the surface coating. Dust must be 
carefully removed before exposure, to eliminate pinholes. For the shorter 
wave-lengths, quartz or ultra-violet glass slides and cover slips must be 


* See Data Sheet SE-3. 
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used and fixatives and mountants for biological specimens must be carefully 
chosen, as many are opaque to ultra-violet radiation. 


Quantitative ultra-violet photomicrography 


A technique of quantitative ultra-violet photomicrography based on 
methods described by Caspersson (Skand Arch. Physiol. Suppl. 8, 1936) 
has been described by Mitchell’ and applied to biopsy specimens taken 
from cases during treatment. 

Ultra-violet radiation of wave-length 253-7mu was chosen for the work 
owing to its proximity to the maximum value (252-5 + lmy) of the ratio 
of the absorption coefficients of nucleic acid and of typical proteins in 
solution. This monochromatism was obtained by passing the light from 
a mercury-neon discharge lamp through a chlorine-bromine filter (see 
Data Sheet FT-5). 

Preliminary experiments on the blackening produced on the photo- 
graphic plates by various intensities of radiation were made using a density 
wedge for visible light and a rotating sector disc for ultra-violet radiation, 
the blackening in each case being determined by a non-recording micro- 
photometer. Using this information it was possible to deduce the effective 
concentration of the nucleic acid or other known absorbing compounds at 
any point in any sections. 
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PHOTOMICROGRAPHY IN COLOUR 


‘EKTACHROME’ and ‘Kodachrome’ colour films are ideally suited to the 
needs of the photomicrographer in any branch of science. Only one 
exposure has to be made and the processing of ‘Ektachrome’ films can be 
carried out by the user. The final transparency produced by either 
process has a very fine grain and is, therefore, well suited to projection as 
a slide, or subsequently for the production of paper prints by a conventional 
three-colour separation process such as Dye Transfer (see Data Sheet 
CL-2). 

‘Ektachrome’ Type B sheet film is supplied to fit existing apparatus 
taking the larger film sizes, and 35 mm. ‘Kodachrome’ film may be used 
with miniature or ‘Bantam’ cameras. These materials can be used with 
the lens in position, the microscope then being focused visually, or without 
the lens if the camera is fitted with a focal-plane shutter and some device 
is available for focusing the image (such devices are supplied by the makers 
of Leica and Contax cameras). Further details are given in Data Sheet 
SC-5. 

In order to ensure correct colour rendering, the quality of the illumina- 
tion must be suited to the type of film used. ‘Ektachrome’ Type B sheet 
film is balanced for exposure to lamps having a colour temperature of 
3100-3200° K. It may often be used with a ‘Pointolite’ lamp without any 
filter, but with a ribbon-filament tungsten lamp a ‘Wratten’ filter No. 82A 
will probably"be required. ‘Kodachrome’ Type A film is balanced for 
exposure to Photoflood illumination (about 3400° K.), a satisfactory light 
source for much photomicrographic work. With this film, a 5-amp D.C. 
carbon arc may be used very satisfactorily if filtered with a ‘Wratten’ 
No. 2B or a 1-cm. cell of 3 per cent. sodium nitrite, together with a 
‘Wratten’ filter No. 814. With a 10-amp A.C. carbon arc, the ‘Wratten’ 
filter No. 2B or the nitrite cell will usually be sufficient. 


For the most accurate colour work, delicate filters have to be used to 
balance the lighting for each individual equipment. Pale colour-correc- 
tion filters are available and details of these are given in Data Sheet CL-3 
Details of suitable liquid filters can be obtained upon request from Kodak 
Limited (see also references 1 and 2). Certain optical systems produce a 
greenish cast in the image; balance can be.restored by the use of a magenta 
Colour-Compensating filter such as the CC-05Y or a CC-10Y. 

In monochrome photography, widely different colours may produce the ~ 
same photographic effect and colour filters are used to suppress or accen- 
tuate chosen spectral regions as required. Such filters are unnecessary in 
colour photomicrography, since the film records the actual colour differ- 
ences and a colour filter would merely impart its hue to the whole trans- 
parency. Filters are used only to modify the quality of the illumination, 
as explained above. Further information on the conversion of colour 
temperatures may be found in Data Sheet CL-3. 

As with all colour processes, the accuracy of the colour rendering 
depends on the accuracy of the exposure given and this should therefore 
be critically determined. The speed of ‘Ektachrome’ Type B film is half 
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that of ‘Panatomic’-X film while ‘Kodachrome’ Type A film has approxi- 
mately three-quarters the speed of ‘Panatomic’-X film when all are exposed 
by tungsten lighting. The very great exposure latitude of the negative 
material compared with the relatively small latitude of colour film, however, 
makes such comparisons difficult. For consistent results an exposure 
test-scale should be prepared. This consists of a series of comparative 
exposures on both ‘Panatomic’-X and the colour film used, ranging from 
well over- to well under-exposed. The required exposure for a given 
subject is determined by exposing a sheet or frame of ‘Panatomic’-X film, 
developing this under the same conditions as those used for the test-scale 
‘Panatomic’-X film and matching it with an exposure on the scale. The 
corresponding result in colour can then be seen. 

Since ‘Ektachrome’ and ‘Kodachrome’ films are of the reversal type, the 
brightest portion of the camera field should be used to determine exposure 
when a photometer or photo-electric exposure meter is used. When 
transmitted illumination is involved, the slide should be racked out of the 
field and the brightness of the clear field should be measured. For 
subjects photographed by reflected light, as in metallography, the preferred 
method is the use of a first-surface aluminized mirror or a piece of un- 
etched steel as a highlight constant for exposure assessment. It may also, 
being neutral, be used for colour-balance determination. The use of an 
exposure meter does not necessarily lead to perfect results, however, and 
the making of additional exposures half a stop on either side of that 
estimated as correct is a wise precaution where the optimum quality is 
required in the colour transparency. 
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PHOTOMICROGRAPHY WITH A HAND CAMERA 





Many scientific and technical workers feel the need of a simple and con- 
venient method of producing photomicrographs; often the amount of 
work is insufficient to necessitate the purchase of specially designed equip- 
ment. In these cases it is convenient to use whatever ordinary apparatus 
is available and this course is quite satisfactory if the correct procedure is 
adopted. The method described below consists essentially in focusing 
the microscope visually, and then placing above the ocular a roll-film or 
other suitable camera which is focused upon infinity or some other pre- 
determined distance. The advantages of this procedure to microscopists 
with no photographic facilities or experience are obvious; the camera, 
which requires no modification, can be loaded in daylight, and the films 
sent to any photographic dealer for developing and printing or developed 
in the laboratory in any of the commercially available daylight tanks. 

The optical efficiency of the method is high, and there is no reason why 
the definition obtained should not be equal to that obtained with pro- 
fessional procedure and equipment. The Ramsden disc or eyepoint of 
the microscope should lie on the middle of the front surface of the camera 
lens, which renders the effective aperture of the lens extremely small, so 
that the common optical aberrations become negligible. A simple one- 
element lens such as that used in a box camera is then actually preferable 
to a more complex one. It should be noted that as the camera lens is 
withdrawn from the eyepoint so that an appreciable lens aperture is used, 
chromatic aberrations first appear, but can be largely eliminated by the 
use of a colour filter; e.g. the ‘Wratten’ filter No. 15 (G) with ortho- 
chromatic film, such as ‘Verichrome’ roll film or the ‘Wratten’ filter 
No. 58 (B2) with panchromatic film. 


Apparatus 


The camera must be supported independently of the microscope and 
have no contact with it. When no fluid specimens are to be examined, 
the microscope may be tilted horizontally, and the camera blocked up into 
position behind it. 

A stable and convenient apparatus can be set up from regular laboratory 
equipment, as shown in Figure 1. A sturdy support rod and base plate 
is used as foundation; the right-angled clamp which slides on this rod 
should have a round hole rather than a V-groove. The large base of the 
apparatus, made from wood, has three small pieces of felt stuck under- 
neath the corners as feet. 

The camera support (D or E, Figure 2) consists of a wooden block wired 
on to a 7-inch laboratory extension ring support. For folding cameras a 
rectangular hole, having the same dimensions as the folding flap of the 
camera front, is cut in the centre of the board. The camera can easily 
and quickly be pushed into the same position each time, using one end 
of the hole and a strip of wood at one side as guides. The face of the board 
and the side of the strip should be covered with cloth to protect the camera. 
The right-angle hooks are placed opposite each other at either end of the 
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camera, and the camera is fastened down firmly by slipping two wide 
elastic bands over these hooks. It can thus be removed for other use or 
replaced in a few seconds. 


To support non-folding 
cameras, holes are drilled into 
the board to provide for pro- 
tuberances on the face of the 
camera. (Support D of Figure 2 
was made for a ‘Brownie’ box 
camera.) 

By placing another clamp 
below the right-angle clamp that 
supports the camera ring, the 
camera can be swung out of the 
way when not in use. Moreover, 
by placing a short vertical rod 
as shown in Figure 1, the camera 
is instantly re-aligned when its 
supporting clamp hits the vertical 
rod. 


Procedure 


The microscope should be 
focused visually in the ordinary 
way. Since most people 
accommodate somewhat in focus- 
ing a microscope, it is preferable 
to set the camera focus at 25 feet, 
rather than infinity; a fixed focus 

Courtesy of “Science” camera of the box type is quite 

Figure | satisfactory. With a camera 

fitted with a focusing lens, it is 

as well to determine the correct distance setting for the individual by 

making a series of negatives, as some persons, unused to microscopy, may 
place the image as close as 10 feet. 

By far the best procedure is the use of a telescope, with a cross hair or 
other graticule in its eyepiece, which has been carefully set for the indivi- 
dual focus. The focus of the entire telescope can then be set for the 
distance setting of the camera by sighting out of a window. If the 
microscope image is focused through the telescope with the eyepiece still 
in position, it is easy to obtain perfectly sharp photomicrographs. A 
crude telescope, permanently adjusted at one focus, is quite satisfactory 
if the set-up is to be used by only one person. It is possible to make 
quite a satisfactory instrument by mounting a microscope objective of 
about 50 mm. focal length so that it points down a metal tube. A home- 
made graticule is held in the central part of the tube by a cork with the 
centre cut away, and a magnifying glass is placed at the far end of the tube. 





Magnification 
Since with this technique the camera lens determines the “ bellows 
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Courtesy of “Science” 


Figure 2 


length,” the magnification obtained is always a fraction of the nominal 
magnification. With a ‘Kodak’ 620 camera, for instance, the magnifica- 
tion is 1/3rd of the product of objective and ocular magnifications. Hence 
only high power oculars are suitable for photomicrographic work with 
hand cameras. 


Exposure control 

The camera shutter is imaged on the field, and will vignette to give 
apparently uneven illumination at short exposure times, although it may 
be used satisfactorily for time exposures. It is not, of course, possible to 
use the iris diaphragm of the camera for exposure control, owing to this 
vignetting, and neutral density filters inserted between the light source 
and the specimen are therefore the most suitable means of making the 
exposures of convenient lengths. 

It is as well to make a number of different test exposures on the first roll 
of film; if a careful note is made of the exposure conditions for each, this 
roll will form a useful guide for future work. 


Disadvantages of the method 
There are, of course, certain disadvantages which have prevented wide- 
spread adoption of the technique outlined above. These are four in 
number: 
1. With a roll-film camera it is necessary to wait until the whole film 
has been exposed before the first negative taken can be developed. 
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2. The camera lens must be scrupulously clean, since any dust marks 
will appear on the negative enlarged and slightly out of focus. 


3. The picture may be surrounded by a ring of out-of-focus detail, 
which can, of course, be removed quite easily when the negatives are 
printed. 


4. A flare spot is produced rather readily, and is often unavoidable. 


Both the last-named defects can, to some extent, be eliminated, at the 
expense of a slight loss of definition, by raising the camera lens above the 
eyepoint. 


Kodak, Wratten, Brownie and Verichrome are trade marks 
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PHOTOMICROGRAPHY IN COLOUR 


‘EKTACHROME’ and ‘Kodachrome’ colour films are ideally suited to the 
needs of the photomicrographer in any branch of science. Only one 
exposure has to be made and the processing of ‘Ektachrome’ films can be 
carried out by the user. The final transparency produced by either 
process has a very fine grain and is, therefore, well suited to projection as 
a Slide, or subsequently for the production of paper prints by a conventional 
three-colour separation process such as Dye Transfer (see Data Sheet 
CL-2). 

‘Ektachrome’ Type B sheet film is supplied to fit existing apparatus 
taking the larger film sizes, and 35 mm. ‘Kodachrome’ film may be used 
with miniature or ‘Bantam’ cameras. These materials can be used with 
the lens in position, the microscope then being focused visually, or without 
the lens if the camera is fitted with a focal-plane shutter and some device 
is available for focusing the image (such devices are supplied by the makers 
of Leica and Contax cameras). Further details are given in Data Sheet 
SC-5. 

In order to ensure correct colour rendering, the quality of the illumina- 
tion must be suited to the type of film used. ‘Ektachrome’ Type B sheet 
film is balanced for exposure to lamps having a colour temperature of 
3100-3200° K. It may often be used with a ‘Pointolite’ lamp without any 
filter, but with a ribbon-filament tungsten lamp a ‘Wratten’ filter No. 82A 
will probably be required. ‘Kodachrome’ Type A film is balanced for 
exposure to Photoflood illumination (about 3400° K.), a satisfactory light 
source for much photomicrographic work. With this film, a 5-amp D.C. 
carbon arc may be used very satisfactorily if filtered with a ‘Wratten’ 
No. 2B or a l-cm. cell of 3 per cent. sodium nitrite, together with a 
‘Wratten’ filter No. 81A. With a 10-amp A.C. carbon arc, the ‘Wratten’ 
filter No. 2B or the nitrite cell will usually be sufficient. 


For the most accurate colour work, delicate filters have to be used to 
balance the lighting for each individual equipment. Pale colour-correc- 
tion filters are available and details of these are given in Data Sheet CL-3 
Details of suitable liquid filters can be obtained upon request from Kodak 
Limited (see also references 1 and 2). Certain optical systems produce a 
greenish cast in the image; balance can be restored by the use of a magenta 
Colour-Compensating filter such as the CC-05Y or a CC-10Y. 

In monochrome photography, widely different colours may produce the 
same photographic effect and colour filters are used to suppress or accen- 
tuate chosen spectral regions as required. Such filters are unnecessary in 
colour photomicrography, since the film records the actual colour differ- 
ences and a colour filter would merely impart its hue to the whole trans- 
parency. Filters are used only to modify the quality of the illumination, 
as explained above. Further information on the conversion of colour 
temperatures may be found in Data Sheet CL-3. 

As with all colour processes, the accuracy of the colour rendering 
depends on the accuracy of the exposure given and this should therefore 
be critically determined. The speed of ‘Ektachrome’ Type B film is half 
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that of ‘Panatomic’-X film while ‘Kodachrome’ Type A film has approxi- 
mately three-quarters the speed of ‘Panatomic’-X film when all are exposed 
by tungsten lighting. The very great exposure latitude of the negative 
material compared with the relatively small latitude of colour film, however, 
makes such comparisons difficult. For consistent results an exposure 
test-scale should be prepared. This consists of a series of comparative 
exposures on both ‘Panatomic’-X and the colour film used, ranging from 
well over- to well under-exposed. The required exposure for a given 
subject is determined by exposing a sheet or frame of ‘Panatomic’-X film, 
developing this under the same conditions as those used for the test-scale 
‘Panatomic’-X film and matching it with an exposure on the scale. The 
corresponding result in colour can then be seen. 

Since ‘Ektachrome’ and ‘Kodachrome’ films are of the reversal type, the 
brightest portion of the camera field should be used to determine exposure 
when a photometer or photo-electric exposure meter is used. When 
transmitted illumination is involved, the slide should be racked out of the 
field and the brightness of the clear field should be measured. For 
subjects photographed by reflected light, as in metallography, the preferred 
method is the use of a first-surface aluminized mirror or a piece of un- 
etched steel as a highlight constant for exposure assessment. It may also, 
being neutral, be used for colour-balance determination. The use of an 
exposure meter does not necessarily lead to perfect results, however, and 
the making of additional exposures half a stop on either side of that 
estimated as correct is a wise precaution where the optimum quality is 
required in the colour transparency. 
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INFRA-RED PHOTOGRAPHY 


THE properties of electromagnetic radiations vary with their wave-length. 
Thus, wave-lengths between about 400 my (blue-violet) and 700 mu 
(deep red) are visible to the unaided eye. Outside these limits there 
exist invisible radiations which, nevertheless, are capable of being detected 
either by photographic materials or physical instruments. Extending 
indefinitely out from about 700 mu towards the longer wave-lengths, 
there exist the invisible radiations known as “‘infra-red”’. As their wave- 
length increases, these radiations, which encompass heat radiation, merge 
gradually into Hertzian (radio) waves. Even though the infra-red region 
extends far out, it is only the region relatively near the visible red which 
is of photographic interest. 

Currently, direct photography can be used to record radiation out to 
about 1350 mu, whilst special methods extend the range to about 2000 mu. 
Beyond this limit, physical instruments such as the bolometer or the 
thermopile must be used. 


RECORDING INFRA-RED RADIATION?2 


There are six principal methods of photographically recording infra- 
red radiation; two are direct and four are indirect. Because the other 
methods are somewhat complex and specialized in their applications and 
methods of use, this Data Sheet will deal chiefly with the first direct 
method. Brief notes and references are, however, included as a guide 
to the other methods. 


Direct methods 


| The use of specially sensitized photographic emulsions. This is the 
principal method of recording infra-red radiation. Emulsions which are 
dye-sensitized to the region 700-880 my are the most generally useful, 
but for special purposes the sensitivity can be extended to a maximum 
of about 1350 mu.! Whilst it might be possible to produce sensitizing 
dyes which would extend the sensitivity beyond this limit, two factors 
render direct photography impracticable. Water vapour in the atmos- 
phere strongly absorbs radiation of wave-lengths between about 1400 my. 
and 1500 mu. Beyond 1500 my, the amount of ambient heat in the 
surroundings, or “‘black-body radiation” as it is sometimes called, would 
quickly fog the plates.? 


2 Destruction of the latent image by infra-red radiation—the Herschel 
effect.1 A latent image produced by exposing a photographic material 
to light of a shorter wave-length can be destroyed by subsequent 
exposure to light of a longer wave-length. This effect is called the 
Herschel effect after its discoverer. Thus, by uniformly pre-fogging 
an emulsion, an infra-red record can be made by allowing the infra-red 
radiation to selectively destroy the latent image. In practice, this effect 
has been applied mainly in infra-red spectrography, although it also 
has several other useful applications, such as producing direct positives 
in the camera and direct-positive copies of documents. 
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Indirect methods 


1 Evaporography.':? This method depends on the volatilization of a 
thin layer of material when warmed by exposure to infra-red radiation. 
Basically, a thin membrane is coated on one side with a thin layer of a 
volatile substance, such as camphor or naphthalene, and on the other side 
with a black material, such as lampblack. Any infra-red radiation 
falling on the black side is absorbed and raises its temperature, causing 
the volatile substance to sublime away from the warm parts and deposit 
on the cooler unexposed places. Thus, the parts of the coating on which 
the radiation falls become thinner. However, they remain as they are 
after exposure ceases, provided that the volatile side is kept in an enclosed 
space saturated with the vapour of the material used for the coating. 
This is due to the fact that a steady state is provided by a substance in 
equilibrium with its vapour; the image formed on the membrane by the 
volatilization may then be photographed normally by reflected light. 


2 Phosphorophotography.:?| Infra-red radiation has the property of 
extinguishing or “quenching” the phosphorescence of substances excited 
by suitable radiation. Thus, a record of the infra-red radiation may be 
obtained by photographing the image resulting from focusing the radiation 
on to a phosphorescent surface. 


3 The use of electronic image-converters.:2 An electronic image- 
converter consists of an evacuated glass tube containing a photo-cathode 
at one end which emits electrons when “illuminated” by ultra-violet, 
visible, or infra-red radiation. The number of electrons emitted at any 
one point from the photo-cathode is proportional to the intensity of the 
radiation incident on that point. An electron image is therefore produced 
on the surface of the photo-cathode. These electrons are accelerated to 
high speed by the application of an external high voltage between the 
photo-cathode and the open anode at the other end of the tube. The 
electron image is not only accelerated, it is also focused on a fluorescent 
screen (contained within the anode) at the end of the tube. The image 
on the fluorescent screen can either be viewed direct or photographed. 
As the brightness of the image obtained is determined by the charac- 
teristics of the electrical circuits and of the fluorescent screen, it is possible 
to make it much brighter than the original infra-red image. The principal 
difficulty with this method is that the resolution capabilities of image- 
converters are rather low. 


5 Scanning devices.*:*> In these devices, an infra-red sensitive photo- 
electric cell is made to scan the area under observation in a series of 
horizontal lines. By amplifying the output from the photo-electric cell, 
a line image of the infra-red emission of the subject can be produced on 
electrochemical paper or displayed on a television screen, which can be 
photographed if necessary. 


APPLICATIONS 


The applications of infra-red photography are legion. They are 
probably best classified by dividing them into groups, each of which 
exploits a particular characteristic of infra-red radiation: 
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| Infra-red radiation is less easily scattered than visible light. The 
haze which obscures the detail of a distant landscape, the surface layers 
of the skin and a large variety of dark pigments all transmit infra-red rays 
and so permit the photographer to record detail invisible to the eye or the 
normal photographic emulsion. 

Typical applications which depend on the penetrating power of infra-red 
include aerial mapping!*® and long-distance landscape photography’; 
the study of conditions inside burning furnaces which contain a haze of 
dust; the recording of stars hidden by the luminous haze of nebulae; the 
penetration of thin coverings of rust on tin plates in order to study the 
porosity of the plating. The size and distribution of particles have been 
studied by their varying power to scatter the rays.!° 

Infra-red photography is an established technique in clinical work for 

it permits a record to be made of subcutaneous conditions.!_ This is of 
value in the study of varicose veins and lupus (see Data Sheet MD-2). 
Photography of the fundus of the eye is possible even when the cornea is 
visually opaque with cataract. Since infra-red radiation penetrates the 
surface layers of paintings it is of assistance in the study of the painter’s 
technique (see Data Sheet ED-2). 
2 Infra-red radiation is frequently reflected or transmitted by coloured 
objects in a manner which has no connection with their visible colour. 
As a result, obliterated, over-written and charred documents have been 
deciphered (see Data Sheet SC-9), the authenticity of paintings, and in 
some cases the presence of underlying work on the same canvas, have 
been determined (see Data Sheet ED-2). The presence of blood and 
other stains on dark materials has been demonstrated, for such materials 
frequently record as light grey in the photographs. This fact also enables 
the weave of such fabrics to be brought out clearly in infra-red photo- 
graphs. Under the microscope’, detail in visually opaque sections of 
chitinous or silver-stained biological specimens and in various petrological 
slides can be recorded. Plant diseases have also been studied with the 
help of infra-red photography!!!"!” for chlorophyll transmits infra-red 
radiation freely and this is reflected back to the camera by the underlying 
tissue, whereas the fact that carbon is opaque to infra-red makes possible 
the study of carbon deposits in lubricating oils. 

Other applications which depend on this characteristic of infra-red 

radiation include camouflage detection®, the determination of the covering 
power of, and any adulteration in, paints and inks, the preparation of the 
“black printer” in four-colour photomechanical work, and the production 
of “moonlight” effects. 
3 Infra-red radiation is emitted by hot bodies at a lower temperature 
than that at which visible light is emitted. Bodies at temperatures as 
low as 350°C can be photographed by means of the infra-red radiation 
they emit. A very prolonged exposure is necessary in such cases but a 
relatively short exposure is sufficient to yield a photographic record of the 
heat gradient in boiler plates, cylinder heads, furnace walls, welds, and 
other very hot bodies (see Data Sheet IN-8). Another method of record- 
ing temperature distribution relies on coating the body to be heated with 
a thermo-sensitive paint, which exhibits known colour changes at specific 
temperatures, and photographing the result on colour film. 
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4 Infra-red radiation, being invisible, enables photographs to be made 
in darkness. As the eye is not sensitive to infra-red radiation it is possible 
to take photographs in complete darkness by screening flashbulbs, elec- 
tronic flash, or tungsten lamps with infra-red filters which absorb the 
visible light. Using the IR.ER. ‘Kodak’ Infra-Red Extra-Rapid Plate, 
instantaneous photographs can be made with a single flashbulb so screened : 
the lens aperture needs only to be opened by about three stops beyond 
that required when using the same size bulb for photographing the scene 
in the ordinary way with a fast panchromatic material such as the ‘Kodak’ 
P.1200 plate. It is thus possible to take unsuspected shots; this method 
has been employed in criminal-detection devices and psychical research 
workers have used it at seances. This technique is also useful in “candid- 
camera’ work for non-dazzling and inconspicuous flash shots at close 
quarters. Although useful for ‘‘news” work, this technique is not 
recommended for conventional portraiture, since the tone rendering is 
falsified for the reason given in I on page 3. 


GENERAL MANIPULATION OF INFRA-RED MATERIAL 


| Apparatus. No additional apparatus is needed for infra-red photo- 
graphy except a suitable filter. There are, however, a few precautions to 
be observed. As some materials used in camera construction and in 
darkroom shutters are transparent to infra-red rays, the apparatus used 
should be tested. In general, most artificial bellows compositions, 
vulcanites, and woods are transparent, while leather, metal*, and black 
papers and paints containing carbon are opaque. 

2 Focus. Infra-red rays normally come to focus at a greater distance 
from the lens than the visual focus. The actual difference between infra- 
red and visual focus differs with different types of lens, but an anastig- 
matic lens may require to be racked forward by as much as 1/250th of its 
focal length. For optimum definition at large apertures it may be 
necessary to determine the position of sharp focus by experiment. At 
apertures smaller than f/11, the normal depth of focus of the lens will 
usually permit neglect of this difference. 

3 Filters. All infra-red emulsions are additionally sensitive to white 
light, and to confine the record to the infra-red a visually opaque filter 
must be used, either over the light-source (flashlight work!*) or over the 
camera lens. However, much work can be done using both red light and 
infra-red radiation, and the first three filters mentioned below do in fact 
transmit both. 

Maximum working speed of these emulsions is obtained by using a 
‘Wratten’ filter No. 25: this is chiefly of interest in long-distance landscape 
photography and non-dazzling flashlight work; the ‘Wratten’ filters 
Nos. 29 and 70 also fall into this general category. For a solely infra-red 
record yielding maximum rendering of distant detail and general use in 
the other applications listed, including “invisible” flashlight work, the 
the ‘Wratten’ filter No. 88A, transmitting from 720 muy, is recommended. 
The working speed of an emulsion through the ‘Wratten’ No. 88A filter 
is about half that through the No. 25, which transmits from 580 mu. The 


* A lining of tin or other metal foil is a convenient temporary expedient for making camera bellows 
infra-red tight. 
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‘Wratten’ filter No. 87, which transmits from 740 mu, is sometimes used in 
forensic and photomicrographic work and for other special purposes. 

For flashlight work it may be preferable to coat the flashbulb with a 
suitably dyed lacquer—see reference 18. 


RECOMMENDED MATERIALS 


Below is a summary of the principal ‘Kodak’ materials for infra-red 
photography. Where possible, exposure-meter settings are given, but 
they should only be used as a guide to the correct exposure, which should 
be determined by trial. This is because the ratio of infra-red to visible 
radiation is variable; thus, similar levels of visible radiation may differ 
vastly in the amounts of infra-red radiation they contain. 


IR.ER. ‘Kodak’ Infra-Red Extra-Rapid Plate (Data Sheet PL-30) 


This medium contrast, medium-speed material is especially sensitive 
in the wave-length region 670-880 mu. It is recommended for long- 
distance infra-red photography, camouflage detection, “moonlight” 
effects, and the flashlight technique described under 4 on page 4. 


METER SETTINGS* 
B.S. (logarithmic) DIN (logarithmic) 















KODAK 


“WRATTEN’ | 4sA/B.S. (arithmetical) 





BILLER Daylight | Tungsten | Daylight | Tungsten | Daylight | Tungsten 
No. 25 
No. 29 22° 24° 12 14 
No. 70 
No. 87. © ° 
No. 884. 19 21 9 I 


* These figures are suitable for use with an unscreened meter and allow for exposure through the 
filters quoted. 


1R.30 ‘Kodak’ Half-Tone Infra-Red Plate (Data Sheet PL-31) 


Recommended for high-contrast results and especially for making the 
“black printer” in four-colour photomechanical reproduction processes. 
The effective speed of this material depends on the conditions of use, so 
that no speed figures of any practical value can be given. 


‘Kodak’ Infrared Film (35mm) 
Similar in speed and contrast to the IR.ER. plate (see above). 





KODAK METER SETTINGS FOR TUNGSTEN EXPOSURES* 
“‘WRATTEN’ a ee 
FILTER ASA/B.S. (arithmetical) | B.S. (logarithmic) | DIN (logarithmic) 
No. 25 . ey 
No. 29 . ote 20 24° 14 
No. 70 . 3 
No. 87 . ‘ ° 
No. 88A 0 a) MN 





* These figures are suitable for use with an unscreened meter and allow for exposure through the 
filters quoted. 
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‘Kodak’ High Speed Infrared Film (16mm and 35mm) 


This film is sensitive throughout the visible spectrum and in the infra- 
red up to about 900 mu, with maximum sensitivity between about 770 
mu and 840 mu. It is especially suitable for infra-red cinematography 
and for other applications where a high degree of infra-red sensitivity is 
important. High Speed Infrared Film is available to special order only, 
and only in 16mm and 35mm widths. 





KODAK METER SETTINGS* 

eee ASA/B.S. (arithmetical) | B.S. (logarithmic) | DIN (logarithmic) 
Daylight | Tungsten | Daylight | Tungsten | Daylight | Tungsten 

Without filter . 5 80 200 30° 34° 24 

No. 25... ; 50 160 28° 33° 23 

No. 29... 3 50 160 28° 33° 23 

No. 70 . . . : 50 125 28° 32° 22 

No. 87... . é 25 80 25° 30° 20 

No. 884... : 32 100 26: 31 21 





* These figures are suitable for use with an unscreened meter and allow for exposure through the 
filters quoted. 


‘Kodak’ Scientific Plates 


This special range of plates includes six different infra-red sensitizing 
Classes which, combined with several different emulsion Types, give a 
wide choice of plates for different purposes (for further details, see Data 
Booklet SE-3). 


Other materials 


Certain other special materials for aerial photography, and for astro- 
nomical and spectrographic work, may be available. If it appears that the 
requirements of a specific technique may not be met by one of the materials 
mentioned above, application is invited to Kodak Limited, Kingsway, 
London, W.C.2. 


STORING INFRA-RED MATERIALS 


Particular care should be taken in storing all unprocessed infra-red 
materials; owing to the amount of ambient black-body radiation, they 
have relatively poor keeping qualities. All materials should be kept in a 
refrigerator at a temperature not exceeding 4°-10°C (40°-50°F) and with a 
relative humidity of 40-60 per cent if they are to retain their true working 
speed and freedom from fog for any length of time. Certain materials, such 
as the Scientific Plates I-M, I-Q, and I-Z, should be kept under deep- 
freeze conditions. In any case, infra-red materials should not be stored 
at temperatures exceeding 18°C (65°F). For critical work with IR.ER. 
plates, they should be used within six months from the date of receipt. 
If this is not possible, the exposure given should be increased by } to 
1 stop. The Scientific Plates of Class M, Q, or Z should, when stored 
at normal temperatures, be used within two months; if, however, they 
can be held at a temperature below 4°C (40°F), their period of usefulness 
will be greatly extended. 
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To avoid moisture condensing on the cold surfaces, packages of material 
removed from cold storage should be allowed several hours to warm up 
to room temperature before being opened. 
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AUTORADIOGRAPHY 


IN recent years, striking progress has been made in utilizing and improving 
the sensitivity of photographic emulsions to charged atomic particles, such 
as electrons, mesons, protons, and alpha particles. Photographic materials 
are available that are capable of recording the paths of charged particles 
of any energy, and the use of these materials led to fundamental dis- 
coveries in nuclear physics and cosmic-ray research. Also, they are 
intensively employed to trace the paths of small amounts of radioactive 
substances in metabolic studies of plants, animals, and humans, in metal- 
lurgy, and in several other fields of scientific interest. However, the 
possible applications of these photographic materials in biology, medicine, 
and engineering have been as yet only partially realized. 

The chief means of tracing the paths of radioactive isotopes are the 
electronic counters and the photographic emulsion. The basis of the photo- 
graphic technique is the placing of a sample, such as a botanical, histo- 
logical, or metallurgical section containing a radioactive material, in 
contact with a suitable film or plate. After exposure and processing, the 
photographic layer reveals the location of the radioactive material 
within the sample. The image thus obtained is called an autoradio- 
graph. 

One of the simplest applications of the technique is the autoradiography 
of a relatively large specimen such as an ash-tree seedling. The root of 
the seedling is first placed for a few hours in a weak aqueous solution 
containing radioactive phosphorus (*P). After the plant, nourished by 
this solution, has taken up 
some of the radioactive phos- 
phorus, it is placed in contact 
with a fast X-ray film (pre- 
ferably in a vacuum cassette’) 
for a one-day exposure. The 
radioactive phosphorus decays 
with the emission of high- 
speed electrons and this 
causes ionization of some of 
the silver-halide grains of the 
emulsion and renders them 
developable. After process- 
ing, the autoradiograph 
reveals the distribution of the 
radioactive phosphorus with- 
in the leaves, the younger 
leaves being more intensively : 
fed than the older ones— 
Figure 1. This application is ' 
used extensively to study the 
fate of labelled (“tagged”) Figure |. Autoradiograph of ash-tree seedling 
atoms within the macro- using *P. 
structure of animal or plant tissues. 
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A different application concerns the investigation of microstructures, 
in particular the distribution of radioactive tracers within histological 
sections. Since the final record must be viewed under the microscope, 
this work also involves the further problem of achieving a high degree 
of resolution combined with high sensitivity of the photographic material 
to charged particles. The problem has been solved by the use of photo- 
graphic materials that have been designed specifically to record nuclear 
particles.2. In this Data Sheet is described the use of ‘Kodak’ Auto- 
radiographic Plates. 


PHOTOGRAPHIC MATERIAL 


The photographic emulsions used for the recording of nuclear-particle 
tracks are characterized by high intrinsic sensitivity, fine grain, and close 
packing of the grains. The achievement of this latter characteristic 
requires an extremely high concentration of silver halide in gelatine. 
An emulsion of this type is particularly suitable for the autoradiography 
of microsections since it provides high resolution combined with high 
sensitivity to charged atomic particles. Because of the divergence of 
charged particles originating in the specimen, and because of their 
scattering within the specimen, optimum resolution is obtained only if 
the emulsion layer is very thin. It has been calculated* that an emulsion 
thickness of 5u or less is needed for optimum resolution. 

Various techniques have been suggested for the autoradiography of 
microsections. According to one investigator, the specimen may be 
floated on to the photographic emulsion layer,‘ while others have painted 
a thin layer of emulsion on to the specimen.’ Probably the most con- 
venient method that has been suggested so far involves the use of a 
stripping film or stripping plate as described in the literature.*7* 

With these materials, an emulsion layer (usually attached to a thin 
gelatine supporting layer to facilitate handling) is stripped from its 
temporary glass support and transferred to the specimen—see Figure 2. 
This technique allows the emulsion to be placed in permanent and 
intimate contact with the specimen as the processing solutions can per- 
meate the layer. Subsequent examination can be undertaken with the 
knowledge that the specimen and the autoradiograph are in perfect 
register. 

Kodak Limited manufactures two stripping plates of this type. These 
are: 

‘Kodak’ Fine-Grain Autoradiographic Stripping Plate AR.10 
‘Kodak’ Fast Autoradiographic Stripping Plate AR.50 


The AR.10 plate has the slower, finer-grain emulsion, while the AR.50 
plate has a faster, coarser-grain emulsion, very suitable if an intermediate 
speed is required between the AR.10 plate and fast, double-coated X-ray 
film. The relative speed obtainable with either plate depends entirely on 
the radioactive isotope in use, i.e., on the energy of electrons or alpha- 
particles emitted. As a rough guide it may be taken that the AR.50 plate 
has about 10 times the speed of the AR.10 plate. In the AR.10 plate the 
emulsion layer of 5u. is reinforced by a gelatine layer 10u thick. In the 
AR.50 plate, the emulsion layer of 12 u is carried on a gelatine layer of 10 v.. 
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Safelighting 

The AR.10 and AR.50 plates, and their transferred emulsion layers, 
should be handled and processed by the light from a safelamp fitted with a 
‘Wratten’ Series 1 (red) safelight filter and a 25-watt bulb, at a minimum 
distance of 4 feet. 

For the AR.50 only, brighter safelighting may be obtained by using a 
‘Wratten’ Series 6B (brown) safelight filter. 

When using the AR.10 for grain-counting techniques, as little light as 
possible should be allowed to fall on the emulsion until processing is 
completed. 

NOTE: The AR.50 plate cannot be used for grain-counting techniques. 


STRIPPING-FILM TECHNIQUE 
Mounting the specimen 

The glass slides on which the specimen sections are to be mounted 
should preferably be “subbed” (i.e., coated with a layer of gelatine) to 
ensure good wet-adhesion of the emulsion when the autoradiographs are 
processed. The following method (from Wall’s Photographic Emulsions, 
Chapman and Hall, 1929) should prove satisfactory : 
| Clean the slides by soaking them in the following solution until they can 
be wetted perfectly by tap water: 


Potassium dichromate 100 grammes 
Sulphuric acid (conc.) 100 cc 
Water to make 1000 cc 


Dissolve the potassium dichromate in the water, then add the sulphuric 
acid to the solution very gradually and with constant stirring. 
2 Wash the slides and then dip them bodily in the following solution at 
about 20°C (68°F): 

Gelatine 5 grammes 

Chrome alum 0:5 gramme 

Water to make 1000 cc 
Without further treatment, place the slides in a rack to drain and dry. 

It will probably prove convenient to treat larger sheets of glass and cut 
them down to the required size, usually 1x3 inches, for use. The 
specimen sections should then be mounted direct on these “subbed” 
slides. 


Preparation for exposure 

The procedure involved in using ‘Kodak’ Autoradiographic Stripping 
Plates is illustrated in Figure 2. The stripping layer is cut through, with 
a sharp blade, round an area sufficient to cover the entire specimen, with a 
margin of at least a quarter of an inch all round. The microscope slide 
bearing the specimen is then placed on the bottom of a glass dish filled to a 
depth of at least one inch with distilled or filtered water. The water-bath 
should be at room temperature—preferably between 16° and 21°C (60° 
and 70°F). Using the tip of the blade, the section of stripping film is 
removed from the glass; it is then turned over and placed on the surface of 
the water with the emulsion side underneath, facing the specimen. As it 
swells, the stripped layer first crumples and then stretches out tight and 
flat. It should be permitted to swell for 2 or 3 minutes more and may 
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stripping emulsion emulsion 
gelatine 
glass 
glass support 


(greatly enlarged) 


Cut off the area of 
emulsion required to 
cover specimen. 


(a) Place microscope slide 
with specimen on bottom 
: of dish filled with distilled 
floating 
emulsion OF filtered water. 


AURA 


slide and (b) Turn emulsion downwards 
specimen and float on surface of water 
for approximately 5 minutes. 


QF So 
PE 
SS 
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Lift specimen to contact 
emulsion. 





Figure 2. Procedure involved in autoradiographic technique when using stripping 
plates. 


then be lifted from the water by raising the slide underneath it. If the 
slide is held at about 30° from the horizontal, so that one edge touches the 
emulsion first, the emulsion will drape itself snugly over the specimen and 
most of the water will drain away as the slide is gradually lifted clear of the 
water. 

Cleanliness of the water, particularly of the surface, is most important, 
as floating particles or scum will tend to become trapped between the 
emulsion and the specimen. Very long floating times should be avoided 
as there is some evidence that they promote an increase in background 
fog by leaching out some of the emulsion constituents. 

The specimen with its superimposed emulsion layer should next be 
dried in a stream of cold air (a hair dryer is useful for this purpose) and 
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placed in a light-tight box for exposure. The temperature within the box 
should not exceed 21°C (70°F). 

When photographic emulsions are applied and processed in direct 
contact with the specimen, several unwanted effects may occur. Firstly 
radioactive materials may be lost if they are soluble in water or in the 
processing solutions; secondly, spurious photographic images may be 
produced by chemical interaction of the specimen and the emulsion; and, 
thirdly, the specimen may undergo changes owing to reaction with the 
processing solutions. Various methods of avoiding these effects have 
been investigated including the interposition of an inert layer between the 
specimen and the emulsion °* 1°, the use of freeze-dried specimen 
sections 112, the use of a non-aqueous bath for floating the stripping 
film 1%, and the mounting of the section in contact with a non-stripping 
autoradiographic plate.14 


Exposure 

As the exposure required depends largely on the nature and energy of 
the isotope used and on its concentration within the specimen, no de- 
finite figures can be given. A preliminary test is suggested in which a 
series of specimens is exposed for different times; for example, 2 days, 
1 week, and 4 weeks should be a suitable range for the AR.10 plate. 

As a further rough guide with the AR.10 plate, a content of 1 micro- 
curie per gramme of tissue would require about 20 days’ exposure. 


PROCESSING 

During and after exposure, the emulsion layer remains in contact with 
the specimen, and the composite preparation is immersed in the various 
processing solutions. Being in permanent contact, proper register is 
maintained. 


Developing 

The recommended developer for both AR.10 and AR.50 emulsions is 
‘Kodak’ D-19 Developer; a solution made up according to Kodak formula 
D-19b may also be used. Both developers should be used undiluted; 
their formulae are given in Data Sheet FY-2. 

If sufficient exposure has been given, optimum resolution will be 
obtained with these emulsions by developing for not longer than 5 minutes 
at a temperature of 20°C (68°F) in either developer. However, when 
the adequacy of the exposure is doubtful, longer developing times may 
be needed to increase the effective emulsion speed. The AR.10 emulsion 
is so clean-working that developing times up to 20 or 30 minutes can 
be used, giving a substantial increase in effective speed with some sacrifice 
of resolution. With the AR.50 emulsion, 10 minutes in these developers 
should be taken as the maximum. 

Rinsing 

To remove any residual developer, the specimen and attached emulsion 
should be immersed for not less than 30 seconds in a bath of clean water at 
18°-21°C (65°-70°F). 

Fixing 

The composite preparation should be fixed at 18°-21°C (65°-70°F) 

for twice the clearing time in a solution of Kodak ‘Metafix’ Powder or a 
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solution made up according to Kodak formula F-24. In areas having 
soft water supplies, some users have found it necessary to use an acid 
hardening fixer, such as Kodak ‘Unifix’ Powder or a solution made up 
according to Kodak formula F-5. (The F-5 and F-24 formulae are given 
in Data Sheet FY-4.) 


Washing and drying 
The preparation should be washed in running water at 18°-21°C 
(65°-70°F) for 2-3 minutes, and dried in a dust-free atmosphere. 


STAINING 

At a London hospital, good results were obtained, with AR.10 emulsion, 
by staining rat thyroid through the gelatine layer with Ehrlich’s acid 
haematoxylin for 15-20 minutes, and differentiating in 1 per cent aqueous 


hydrochloric acid. Further information on staining is given in references 
15 and 16. 


RESOLUTION 

One of the early difficulties in autoradiography was the practical 
assessment of the obtainable resolution. There has been described an 
ingenious method for the objective measurement of resolution.!” A test 
chart, such as that used for determining the resolution of photographic 
lenses, is reduced photographically on to a ‘Kodak’ Maximum-Resolution 
Plate. This material permits a resolution of better than 1500 lines per milli- 
metre. The test chart shown in Figure 3 is an actual enlargement of a 
silver image, 1*3 x 1 millimetre in size, on such a plate. The silver image 
is then reconverted into a silver-halide image and “‘toned” with radioactive 
iodine (I). In Figure 4 is shown a similar enlargement of an auto- 
radiograph, made on AR.10 emulsion, of the small radioactive test chart. 
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Figure 3. Test chart enlarged from Figure 4. Autoradiograph on AR.A0 
a ‘Kodak’ Maximum-Resolution Plate. emulsion of radioactive test chart. 
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From the known separation of the lines, the resolution given by this plate 
has been found to be better than 2°5u. Greatly inferior resolution was 
found when the radioactive test chart was separated from the emulsion by 
as little as 3u—Figure 5. The resolution also depends greatly on the 
thickness of the specimen, since particles emitted at greater distances 
from the emulsion will show greater divergence. Resolution of the order 
mentioned can be attained only with thicknesses of specimen not exceed- 
ing 5p. 

The optimum resolution obtainable with the AR.50 emulsion has been 
found to be of the order of 121, whereas that of a typical fast X-ray film 
lies between 30 and 50u.. 
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Figure 6. °5S in bean-root chromosomes, probably synthesized into proteins. Distri- 

bution of **S follows constant pattern. Left—phase-contrast photomicrograph. 

Right—same field, without phase-contrast, showing autoradiograph on AR.10 emulsion. 

Courtesy of A. Howard and S. R. Pelc, Ciba Foundation Conference on Isotopes in 
Chemistry, published by F. and A. Churchill, Ltd. 
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In addition, the resolution obviously depends on other conditions such 
as the range of electrons applied, the distance between the emulsion and 
the specimen, the thickness and structure of the specimen, and on the 
thickness of the emulsion. In this connection, stripping films thinner 
than the AR.10 emulsion have been produced.!* 1" 


QUANTITATIVE EVALUATION 
For a quantitative estimation of 
the amount of radio-active sub- 
stance within a given volume of a 
section ofspecimen, itis convenient 
to express the sensitivity in terms 
of grain yield—the number of 
photographic silver-halide grains 
rendered developable per incident 
electron. This grain yield has 
been estimated to be of the order 
of unity for radioactive iodine and 
phosphorus. If the exposure of 
the autoradiograph is chosen so 
that the number of developed 
grains below a given area of the 
specimen can be counted, an esti- 
mate of the activity of the specimen 
can be obtained. The number of 
grains rendered developable with- 
out exposure, i.e., the number of 
fog grains, has to be determined 
, also with an unexposed but 
* developed emulsion as control. 
a ee . The number of fog grains has to 
be subtracted from the total 
Figure 7. Autoradiograph on AR.1Q number of developed grains in 
emulsion of thyroid of rat injected with *1] order to obtain an estimate of the 
and stained with haematoxylin and Celestin number of incident electrons. 


blue. Courtesy of I. Doniach and S. R. ‘ ‘ 
Pelc, and The British Fournal of Radiology. et Pare ants Sel mot 





INTERPRETATION OF RESULTS 

Great care must be taken in the interpretation of autoradiographs. An 
account of possible pseudo-photographic effects encountered in this kind 
of work has been given. 21. Many chemical reactions are known which 
lead to the formation of latent images in photographic materials in contact 
with the reacting compounds. Oxidizing agents have an opposite effect, 
as they tend to cause destruction of the latent image. Therefore, 
whenever an autoradiograph is made, it is essential also to make as a 
control an autoradiograph of the specimen which contains no radioactive 
material. As mentioned earlier, some precaution may be necessary to 
preclude effects due to chemica! fogging. 
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POTENTIALITIES OF AUTORADIOGRAPHY 

The method of autoradiography most frequently used is based upon the 
production, in the neighbourhood of radioactive elements, of a small patch 
of density high enough to be recognizable against the background. This 
is so whether coarse or fine structures are being investigated. For coarse 
structures, the method is entirely satisfactory. 

In addition to the more general technique of obtaining autoradiographs 
of optical density, images of low grain density have recently been used.?? 
These differ from the former mainly in the shorter exposure times required 
for a given specimen and consequently in the number of silver bromide 
grains affected by exposure. Using the low grain density method, high 
resolution can be combined with great sensitivity if a statistically significant 
number of grains above background has been obtained. Such a method 
is particularly suitable, when the quantity of uptake of isotope by the 
specimen is limited or when it should be restricted in order to reduce 
the risk of radiation damage. 

However, the method does not fully exploit the possibilities of the 
photographic material available, which is capable of recording the tracks 
of single particles. The method of track autoradiography” offers certain 
advantages over that of conventional autoradiography, as it appears in 
many instances to be able to locate the point in the specimen from which 
the individual charged particle was emitted. In addition, very minute 
quantities of radioactive materials are required and extremely short 
exposure times can be used. Against these advantages many drawbacks 
have to be considered, which indeed have so far prevented most workers 
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Figure 8. Comparison between resolution obtainable on X-ray film and on AR.50 

emulsion. Testis of rat. The animal had been injected, intraperitoneally, with 1 mC 

of *2P one day before death. Left—photomicrograph of section stained with haema- 

toxylin and eosin. Centre—autoradiograph on fast double-coated X-ray film. Right 

—autoradiograph on AR.50 emulsion. Courtesy of E. B. Harriss and L. F. Lamerton, 
Royal Cancer Hospital, London. 
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in this field from obtaining satisfactory results. The most important of these 
difficulties are, firstly, the distinction between the tracks due to electrons 
emitted by the specimen, and those produced by cosmic rays, and 
secondly, the difficulty of disentangling the curved tracks of electrons 
originating from adjacent areas within the specimen. 

So far, autoradiography has mainly been used at the magnification level 
of light microscopy. However, with recent improvements in available 
materials, it has become possible to work at the levels of magnification 
given by the electron microscope 7+ > °6 27 and this technique seems to 
offer great advantages, especially in the field of cytology. Another 
recent development is the technique of differential autoradiography 
which permits differentiation between tritium (®H) and another beta- 
emitter included in the same specimen. !® 
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PHOTOMAGROGRAPHY 


PHOTOMACROGRAPHY covers work done at low magnification (less than 
approximately 40), and is distinguished from photomicrography by the 
fact that instead of a microscope, a single lens is used to obtain the mag- 
nification by working with a lens-to-film distance which is greater than 
twice the focal length of the lens. 


Since an appropriate photographic lens and a camera with a long bellows 
are the basic units needed, no microscope is required. If desired, how- 
ever, a microscope can be converted for this use by removing the eye-piece, 
and using a short-focus camera lens in place of the conventional objective. 


In any case, the following equipment is desirable for the most satis- 
factory work: a camera with a ground-glass focusing screen; a lens having 
a focal length considerably shorter than the maximum bellows extension; 
some means of holding the specimen—preferably a focusing stage; and, 
for transparent subject, a focused light source. 


Magnification 


Since the final magnification “‘m” is dependent upon the lens and camera 
bellows extension only, it can be calculated simply from this formula: 


v-f 


 f 
where “‘v’’ is the lens-to-film distance; and “f”’, the focal length of the lens. 
Thus, with a 2-inch lens and a 42-inch bellows draw, a magnification of 
x 20 is obtained. 


Most photographic lenses, when used in this technique, should be placed 
on the camera “‘backwards’’, that is, with their front elements facing the 
sensitized material. This can be done conveniently only with a camera 
which has a lens panel. This position generally provides the best resolu- 
tion, since the optical conditions are more nearly like those for which the 
lenses were designed. Lenses with symmetrical elements or lenses 
designed for this use, such as the Micro Summars, are exceptions and 
should be mounted in the normal manner. A high-quality enlarging lens 
is also very suitable for this work, and, again, should be used backwards to 
obtain the best image. 


The lens-to-film distance—v—should be set for the required magnifica- 
tion and, if possible, locked in position. It is preferable not to alter this 
setting and to obtain the final focus by moving the specimen. This is 
possible when a movable or focusing stage is employed and is particularly 
important when working in the vicinity of unit magnification (1 to 1). 


Illumination 

Proper control of the illumination is one of the most important factors 
affecting the quality of the photomacrograph. Tungsten-filament lamps 
are generally most convenient, and it is desirable to have a voltmeter and 
variable resistance, or some similar means, for controlling the intensity and 
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colour quality of the illumination to permit reproducible results, especially 
in colour work. 


The usual sub-stage condenser, even one of comparatively long focal 
length, does not provide even illumination over a large enough field for the 
average subject. Fortunately, it is usually a comparatively simple matter 
to set up a suitable illumination system, using simple condenser lenses. 
An arrangement using a single condenser lens about four inches in dia- 
meter is capable of producing excellent results with most subjects. In 
some cases, however, it may be desirable to use a more elaborate and 
precise system, such as that introduced by Koehler. 


The procedure outlined in the following steps is based on the use of the 
simple arrangement. 


1. The specimen is centred on the stage, and the lamp is aligned so that 
the image can be roughly orientated and focused on the ground-glass 
screen. At this point, the size and focus of the illuminating beam are 
immaterial. A mirror set up behind the focusing screen is a great help in 
this step, since the reflection of the screen can be observed from the other 
end of the equipment, from where adjustments are made most conveni- 
ently. 


2. The camera lens is stopped down completely, the specimen slide is 
temporarily removed, and the position of the lamp is adjusted until a sharp 
image of the filament is focused on the lens-diaphragm leaves; the slide is 
then replaced. The diameter of the beam should be large enough for the 
colour fringes at its periphery to be outside the limits of the field. Moving 
the condenser lens closer to, or further from, the slide makes the beam 
larger or smaller. With each movement of the condenser, the lamp posi- 
tion must be adjusted to re-focus the filament. 


3. The lens aperture is opened up partially, and the aperture that yields 
the required depth of field and resolution is found. (This may require 
some preliminary test exposures.) The use of a magnifier at the ground 
glass is of great help, and the fact that the image is very bright makes 
focusing possible at the aperture to be used. This eliminates a possible 
shift in focus that might occur if the lens were focused wide open and then 
stopped down. The procedure also permits the location of important 
details of the specimen within the limits of the depth of field. The 
desired aperture is set and then left undisturbed. 


4. By means of the procedure in Step 2, the size of the filament image is 
made just large enough to fill completely the aperture determined in Step 3. 
At this point, it is likely that lamp adjustments alone will serve. When 
the correct illumination is achieved, the focusing screen will be of even 
brightness all over, and this can be checked with a photometer. No 
colour fringes should be apparent in the corners of the focusing screen. 


Some condensers used with the light source may produce a greenish cast 
in records made on colour films. When this occurs, the transparencies 
made in the first test should be viewed through magenta Colour-Compen- 
sating filters to determine, approximately, the one to use to offset the green 
cast. Any specific arrangement must be calibrated by test to confirm the 
best filter to use, and also the optimum voltage and exposure. The 
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methods of exposure determination described in Data Sheet SC-13 apply 
equally well in these techniques. 


Reflected Light: Photomacrographs can also be made by reflected light 
of small objects, or small, complex, industrial mechanisms. In this 
case, however, normal photographic lighting can be used at close range, 
but many workers prefer to use one of the many forms of ring illuminant. 
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EXPOSURE IN PHOTOMICROGRAPHY 





WHEN a photomicrographic arrangement is put into use, it is necessary to 
make some preliminary tests to determine the correct exposure time for 
the particular type of subject being handled. 

When a camera which takes sheet films or plates is used, a whole series 
of test exposures can be made on one film or plate by a normal test pro- 
cedure. 


Criteria for judging exposure 

There are two criteria for judging the correctness of exposures in 
photomicrography. The better one to use in any particular case depends 
primarily on the type of photographic materials being used and, to some 
extent, on the nature of the subject. 

In general, when working with negative films or plates, the exposure 
should be controlled to provide the best rendering of the details in the 
darker parts of the subject. This is the ““minimum-brightness criterion” 
which is normally used in making negatives by either transmitted or 
reflected light. 

When reversal colour film, such as ‘Ektachrome’ or ‘Kodachrome’ Film, 
is used, the exposure time should be selected to give the best rendering of 
the brightest parts of the subject. When this is done, the lightest areas of 
the resulting photomicrograph will be neither too dense nor too thin and 
the rendering of the darker details will be generally satisfactory. This is 
the “maximum-brightness criterion.” It is also useful for some black- 
and-white photomicrography by transmitted light, such as for samples of 
dust, pigments, etc., when a fixed or constant background density is 
desired in the negatives. 

The relationship between the effective sensitivity of the various photo- 
graphic materials differs somewhat, depending on which of these criteria 
is used for judging the exposure. 

In the case of the medium-contrast and low-contrast negative materials 
or colour-negative films, the normally recommended exposure indices 
can be used in photomicrography for those subjects for which the mini- 
mum-brightness criterion method of exposure determination applies. 

In the case of reversal materials, such as ‘Ektachrome’ and ‘Kodachrome’ 
Films, the normal exposure indices are based on highlight rendering and 
so apply also when the maximum-brightness criterion is used in photo- 
micrography. When the maximum-brightness criterion is used with a 
negative material, the exposure required will depend on the background 
density desired, and the gamma value to which the negative is developed, 
as well as on the sensitivity of the material. As the degree of develop- 
ment is increased, less exposure is required to produce the desired back- 
ground density. 


Calculation of exposure time for different conditions 
Once the correct exposure time has been found for a particular set of 
conditions, the times for subsequent exposures of similar types of subjects 
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made with the same arrangement can be calculated by taking into account 
any differences in magnification, and in numerical aperture of the objec- 
tives used, as well as changes in sensitized material or filters. 


The exposure time varies inversely as the square of the numerical 
aperture that is filled with light. 


The exposure varies as the square of the magnification, which depends 
on the power of the objective, the power of the ocular, and the distance 
from the ocular to the focal plane. If any of these is changed, the mag- 
nification will be changed, and this should be taken into account in calculat- 
ing the exposure time. 

If a filter is used, it will absorb some of the light; the exposure time 
should be multiplied by the appropriate filter factor. If a different 
photographic material is used, the exposure time should be adjusted 
according to the relative speed of this material. 


If the conditions for which the exposure time was originally determined 
by test are called “‘standard”’, they can be combined with the “new” 
conditions to find the “‘new”’ exposure time as follows :— 


New exposure (Seancare ne) New magnification )’ 
Standard exposure New N.A. Standard magnification 


The application of this formula is illustrated by the following example. 
Under the conditions discussed above as standard, a photomicrograph was 
obtained on a ‘Kodak’ P.200 Plate with a one-second exposure at a 
magnification of 210 times, using an 8mm, N.A.0-50 objective. A 
magnification of 430 times is desired, however, and this requires the use 
of a 4mm, N.A.0°65 objective. The exposure time under these condi- 
tions is found as follows :— 


we . 2 2 
Senate a (722) (5) == approximately 2°5 seconds. 
If a filter is used, the exposure time must be multiplied by the appropri- 
ate filter factor for the film or plate used. 


Light meters in exposure determination 

Some types of light meters can be used as aids in determining correct 
exposures in photomicrography. However, it is not advisable to attempt 
their use until some experience has been gained with trial exposures. 


With suitable meters, it should be possible to determine the correct 
exposure time by direct measurement of the illumination of the image at 
the focal plane, that is, by photometry. This will provide an exposure 
determination that does not require knowledge and consideration of such 
factors as objective aperture, magnification, etc. 


In the determination of exposures for reversal materials, such as 
‘Ektachrome’ Film, and in any other cases where the maximum-brightness 
criterion applies, the exposure time is dependent on the illumination in the 
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brightest part of the image. This is essentially the same as the brightness 
of the clear field, so the specimen can be racked out of the field to provide a 
large area of uniform brightness on which to make a reading. Since the 
brightness is high and the area is not limited, it is a comparatively simple 
matter to get a useful reading. 

In work with negative materials, where the exposure is based on the 
minimum-brightness criterion, it is desirable to measure the illumination 
in a very small area in the darkest part of the image within which detail is 
desired. This is beyond the capacity of any except such direct-reading 
exposure photometers as the S.E.I. Exposure Photometer. 

Any photometer or light meter must be calibrated by photographic 
exposure tests, and a separate calibration should be made for each different 
type of subject and equipment arrangement. Relatively few calibrations 
are required in most laboratories since the equipment is usually changed 
only slightly and the subjects under investigation are generally quite 
similar. 


Use of exposure meters 


A photo-electric exposure meter can be quite helpful in determining the 
correct exposure time if it has sufficient sensitivity to respond to the light 
available at the image plane on the focusing screen of the camera. An 
exposure meter with an unobscured light cell, such as the Weston Exposure 
Meter, is satisfactory for most low-power work. The meter reading 
should be made on the clear field obtained by moving the specimen out of 
the field after the equipment has been aligned and focused. When the 
best exposure time has been found by trial, the meter can be used to 
determine the exposures for all subsequent pictures using the same 
arrangement and the same general type of subject. Measuring the bright- 
ness of the clear microscope field ascertains the exposure for the brightest 
highlight, which is most often the best criterion. 

The calculator on the exposure meter should be used in the following 
manner, which is slightly different from the usual procedure. The 
emulsion-speed dial should be set according to the exposure index for the 
film or plate used, and the appropriate dial should be set according to the 
meter reading obtained. Then, the f/number on the calculator which 
corresponds to the best exposure time as determined from the trial 
exposures, should be found and recorded. In subsequent work with the 
same arrangement and photographic material, the correct exposure time 
will be the one corresponding to this f/number when the calculator is set 
for the new meter reading. 

When the level of illumination is too low to give a usable reading at the 
ground glass, the exposure meter or the photometer can be moved towards 
the eye-piece to take advantage of the resulting rapid increase in intensity. 
The illumination in the image plane can be calculated from such measure- 
ments, which can be made by either of two methods. Both depend upon 
the formation of a cone of light with its apex at the eye-point of the 
microscope and its base in the image plane, while the measurement is 
made at an intermediate parallel plane. 

The first involves holding the photocell in such a position that the light- 
beam diameter just equals the cell diameter. A maximum reading is 
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obtained on the photocell at this point. The ratio of the intensities in the 
two planes (image and photocell) is inversely proportional to the square 
of the diameters of the illuminated fields. 

The second method depends upon the fact that the ratio of the intensi- 
ties in the two planes is inversely proportional to the square of the dis- 
tances from the apex of the illumination cone. The photocell should 
always be held at such a pre-determined distance from the eye-point that 
the cone of light at that point more than covers the cell. 

In those cases where filters are required, the meter reading should be 
made before the filter is placed in the system, and the calculated exposure 
time should then be increased by the appropriate filter factor for the film or 
plate in use. 

In some cases, the exposure indicated may not match exactly any of the 
available speeds of the shutter in use. Some slight adjustment is then 
required on the basis of experience with similar subject matter. The 
selection of slight under-exposure or over-exposure is dependent on the 
ultimate use of the photomicrograph. For example, slight under-exposure 
may be preferred to slight over-exposure in colour transparencies when 
reproduction is anticipated, or if high-intensity projection is to be used. 

It is possible to make some slight changes in the arrangement to adjust 
the calculated exposure to match the nearest speed of the shutter in use, 
but in general this is not recommended. Should it be desirable to do so, 
the use of a neutral-density filter is the preferred means of control. 
Neither the position of the sub-stage condenser, nor the size of the sub- 
stage diaphragm opening should be changed. 


Use of more-sensitive light meters 


The sensitivity or response to low illumination levels of the barrier- 
layer-type photocell, such as that used in exposure meters, is limited 
primarily by the sensitivity of the electric meter with which it is used. In 
photomicrography it is practical to employ a semi-portable light-meter 
consisting of a barrier-layer-type cell connected to a sensitive laboratory- 
type galvanometer or to a micro-ammeter. Such equipment can be made 
much more sensitive than the conventional pocket-size exposure meter, 
and therefore can be used over a much wider range of conditions. It is 
convenient to have an arrangement for switching various resistance values 
in shunt with the meter, thus making it possible to measure the light over a 
wide range of intensities. Details of specific photometer equipment, 
calibration, and application techniques can be obtained from the manu- 
facturers of such electronic equipment. 
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PHASE-CONTRAST PHOTOMICROGRAPHY 





WHEN light passes through a specimen its optical path has a definite 
relationship to the index of refraction of the specimen. Variations in the 
index of refraction and in the thickness of the specimen produce differences 
in the optical path. 

Details in many unstained biological and industrial specimens are 
characterized by very small differences in refractive index. Such differ- 
ences are usually invisible in the ordinary microscope because of the high 
intensity of the illumination. However, it is possible to make these 
differences visible by a relatively simple modification of the compound 
microscope. 

Two pieces of equipment are required: (1) a sub-stage condenser 
containing an annulus, and designed to permit a very thin hollow cone of 
light to reach the specimen, and (2) an objective with a phase or diffraction 
plate, to increase the phase difference. 

Some of the light rays emerging from the annulus and sub-stage 
condenser pass through the specimen with very little deviation. Other 
rays are deviated to a greater extent because of the variations in the 
refractive index of the specimen. These rays travel through a longer 
optical path, and are slightly out of phase with those rays which travel 
essentially straight through the specimen. The phase plate in the 
objective is designed to increase the phase difference to a maximum, and 
to adjust to the same value the intensity of the deviated and undeviated 
light rays reaching the image plane. The image formed reveals differ- 
ences in the refractive index of the specimen which would be indetectable 
if the intensity of the undeviated rays were not reduced essentially to the 
same value as the deviated rays. 

Photographic records by phase microscopy are readily made by follow- 
ing the same procedures as in normal photomicrographic practice. In 
general, phase microscopy can be employed in the examination of speci- 
mens in which the detail is not rendered satisfactorily by the conventional 
methods of photomicrography. The physical arrangement in phase 
microscopy is very similar to that in ordinary bright-field microscopy. 
The phase technique is preferred to the bright-field method in the 
examination of unstained slides and can improve, in some cases, the 
rendering of stained slides. Colourless or relatively transparent suspen- 
sions, pigments in objects, and related subject matter can be detected, 
then treated with special stains, and examined by the usual methods. 
The phase technique is very valuable in the examination of faded prepa- 
rations which may have enough stain left for good visibility with the 
phase microscope long after becoming invisible with the bright-field 
microscope. 

Since this microscope technique affords a reasonably good image 
contrast, it is not necessary to resort to a high-contrast film for phase 
photomicrography. Kodak ‘Panatomic-X’ Film, developed as recom- 
mended, has proved to be very suitable for this purpose, for both its fine 
grain and its easily controllable contrast; higher contrast may be obtained 
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by developing in undiluted D.19b developer for 10 minutes at 68° F 
(20° C). Motile specimens examined under a phase-contrast microscope 
may require a faster emulsion than ‘Panatomic-X’, and for this purpose, 
Kodak ‘Panchro-Royal’ Sheet Film or ‘Tri-X’ film will be satisfactory. 
Colour films are of small advantage for phase-contrast records since little 
coloration results in a specimen examined by this technique. 
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PHOTOGRAPHIC COPYING OF DOCUMENTS 





PHOTOGRAPHIC methods for the reproduction of documents interest 
industrial, commercial, government, medical, and research organizations, 
including offices, and every type of library, whether university, public, or 
special. The methods available fall under two main headings—Contact 
Copying and Camera Copying, and these are described separately in this 
Data Sheet. Information concerning document copying with ‘Kodak’ 
copiers may be found in Data Sheet DC-3, and on document copying 
in the drawing office in Data Sheet IN-5. 


CONTACT-COPYING METHODS 
Sensitized materials and equipment 


Photographic document papers, suitable for contact copying, should have 
light weight and a high light transmission. The emulsion should be of 
fine grain and high contrast, and preferably should be suitably sensitized to 
allow the use of yellow printing screens in some techniques, and to 
facilitate the copying of old or yellowed originals. Examples of special 
document-copying papers are ‘Kodagraph’ Contact Paper, Thin, C13, 
and ‘Kodagraph’ Rapid Contact Paper, Thin, RC23; the latter has 
approximately three times the speed of the former. Both papers may be 
handled under a bright yellow safelight. Another series of papers 
manufactured specifically for document copying are the Kodagraph 
‘Autopositive’ Papers. Details of these papers and of the methods by 
which they are used may be found on page 4 under the heading ‘“‘Direct- 
positive printing”’. 


There are available many commercial items of equipment suitable for 
document copying; for example, the ‘Duostat’ Printer, Model 30/40. 
This consists essentially of a box containing a set of tungsten lamps, 
a diffusing screen, a yellow screen, and a plate-glass top on which is laid 
the document paper and the original to be copied. The plate-glass top is 
ground on the underside to diffuse the light. Good contact is obtained by 
the use of a vacuum blanket. Other printers operate on a rotary principle; 
another alternative is that type of printer which has an overhead lighting 
unit. 

The order in which the original and document paper are placed depends 
upon the method of printing employed. In order to obtain the most 
contrast in reflex printing, a yellow screen should be interposed between 
the light-source and the document paper. But Kodagraph ‘Auto- 
positive’ papers must always be exposed to filtered light whether the 
transmission or the reflex method is used. A suitable screen is the 
‘Kodak’ Flexible Filter $.58/2 (yellow). 


A fully equipped darkroom is not necessary for contact-copying 
work. However, running water and a timer are essential when dish 
processing. 
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Tranmission printing 


Both opaque and translucent originals may be copied by this method 
provided they are printed or written only on one side of the paper. The 
method of printing by transmission is similar to that of making a simple 
contact print. The original is held in contact with the document 
paper and the combination is exposed in such a way as to allow the light 
to penetrate to the document paper after it has passed through the original. 


NOTE: Both methods of transmission printing described below can also 
be used to produce positives direct when using ‘Autopositive’ Paper 
(see page 4). 

Preparation of Negative Copies: By correct arrangement of original and 
document paper there can be obtained either a right-reading negative 
copy, as in Figure 1 (a or b, according to the thickness of the document 
being copied), or a laterally reversed negative copy, of superior definition, 
from which positive prints can later be taken. The laterally reversed 
negative is made by using the order shown in Figure 1b, but with the 
document paper reversed, i.e., with the emulsion of the document paper 
in contact with the face of the original. 


ORIGINAL DOCUMENT PAPER er ee PAPER 
! 4; : 


DIRECTLY READABLE DIRECTLY READABLE 
NEGATIVE COPY NEGATIVE COPY 


Figure la. Arrangement when original Figure Ib. Arrangement when original 
1s thinner than document paper is thicker than document paper 








Preparation of Positive Copies from Master Negative: This procedure is 
merely one of simple contact printing, in which there is no necessity to 
use a yellow screen. The emulsion surface of the mirror-image master 
negative is placed in contact with the emulsion side of a sheet of document 
paper and the exposure is made through the negative. This produces, 
upon processing, a right-reading positive copy of the original, which will 
be sharper than the right-reading negative copies. 


Reflex printing 


The technique of reflex printing can be used with any type of original 
whether opaque or translucent, single-sided or double-sided, and is 
indeed the only contact-copying method applicable to opaque or double- 
sided originals. 

The original to be copied is brought into contact with the sheet of 
document paper and is exposed through the back of this paper, as shown 
in Figure 2. The light is reflected back from that part of the printed 
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surface of the original which is white, or light in colour, but is absorbed 
by those parts which are black, and little light is reflected from these. An 


nage is thus produced which should vary from very light-grey to a dense 
ack. 





NEGATIVE 


POSITIVE 
ORIGINAL 








Figure 2. Principle of reflex copying 


This reflex copy, when taken direct from the original, will be laterally 
reversed, and this mirror-image negative is normally used to provide 
positive right-reading copies simply by placing its surface in contact 
with another sheet of document paper, and printing and processing as 
described above under ‘Preparation of Positive Copies from Master 
Negative”. The copy then produced is similar to the original in tone, is 
direct reading, is sharp, and is, of course, the same size; see Figure 3. 
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Figure 3. Negative and positive copies produced by reflex copying 


It is also possible to produce positives direct by the use of Kodagraph 
‘Autopositive’ Papers (see below). The normal reflex method produces a 
laterally reversed positive which has to be reprinted on another sheet of 
‘Autopositive’ Paper to give a right-reading positive. However, right- 
reading positives can be made in one stage by the following method, 
using ‘Autopositive’ Paper, Micro-Thin, A40, or Translucent Paper, 
Ultra-Thin, AT47. A ‘Kodak’ Flexible Filter $.00/1D (white opal)* is 
essential for best results. The filter, the document paper, and the 
original are placed in the printer in the following order, with the filter 
nearest to the light-source: 


* When this filter is used on a printer which does not incorporate a yellow screen, it will still be 
necessary to use the ‘Kodak’ Flexible Filter S.58/2 (yellow). 
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| Flexible Filter S.00/1D (white opal). 


2 A sheet of ‘Autopositive’ A40 or AT47 paper with its emulsion side 
towards the light-source. 


3 The original with the side to be copied facing the light-source. 


All three items are held in close contact during exposure. This method 
has the advantage that the exposure time for documents of similar 
colour is independent of the thickness of the document. It gives slightly 
lower contrast and is, therefore, recommended for copying documents in 
which the density of the character varies greatly, e.g., black type with 
pencil annotations. 


Direct-positive printing 

The preparation of positive copies without the need for an inter- 
mediate negative stage can be accomplished by the use of ‘Autopositive’ 
paper. The characteristics of this paper are quite different from those 
of the other photographic papers mentioned above and indeed from any 
normal negative material. This paper is manufactured in such a way 
that subsequent exposure to yellow light, instead of producing a density, 
has a lightening effect and indeed, if a sufficient exposure is given, no 
density will be visible upon development of the paper. A sheet of 
‘Autopositive’ paper taken straight from a packet under the appropriate 
lighting conditions, and developed without any exposure having been 
given, will produce a heavy black uniform density and, conversely, a 
uniform and sufficient exposure to yellow light prior to development will 
show a minimum density when the paper is developed. It will be seen, 
therefore, that by the use of ‘Autopositive’ A40, A42, A43, or AT47 paper 
exposed through a Flexible Filter $.58/2, positive copies can be made 
direct from originals, by either the transmission or reflex method, and 
this paper is strongly recommended when only comparatively few copies 
are required from one original. ‘Autopositive’ A40, A42, and AT47 
papers are also suitable for making positive ‘intermediates’ for the 
production of further positive copies on dye-line paper. 

‘Autopositive’ papers are inherently slow, being considerably slower 
than the ‘Kodagraph’ Contact papers previously mentioned, and can be 
used in normal room lighting. Care should be taken to ensure that the 
exposure is sufficient: over-exposure produces too light a result, while 
under-exposure produces too darka result. This inversion of the normal 
factors governing exposure should be borne in mind when initially assess- 
ing the exposure by trial. 

‘Autopositive’ papers may be developed and fixed in a dish in much the 
same way as the other document papers. However, these papers are 
equally suitable for processing in automatic machines which are par- 
ticularly to be recommended where time and space are factors to be con- 
sidered. There are two basic types of automatic processor—the im- 
mersion type and the surface-application type. In the former type, the 
paper is automatically passed through developing and stabilizing baths, 
and then through a pair of rollers which squeegee the print dry. Because 
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of its ultra-thin base, ‘Autopositive’ A40 paper is not recommended for 
use with immersion-type processors. With surface-application processors, 
e.g., the ‘Kodak’ Auto-Processor, Model Q33/84, rapid treatment is 
possible. Because the processing solutions are spread in a very thin film 
only on the emulsion surface, the paper base is not saturated with solution, 
and the print dries more quickly. ‘Autopositive’ A40 paper is suitable for 
processing in this type of equipment. 


Further details of ‘Kodagraph’ Papers, and of the Auto-Processor, 
Model Q33/84, can be obtained on application to the Reprographic Sales 
Division of Kodak Limited at 246 High Holborn, London, W.C.1. 


‘PHOTOSTAT’ AND ‘STATFILE’ COPYING 


The ‘Photostat’ Machine No. 4 (see Figure 4), consists of a large semi- 
automatic camera, together with the necessary processing equipment, 
for the copying of any type of document. It has several advantages over 
other copying methods—no darkroom is needed, the cost of ‘Photostat’ 
Paper is relatively small, about 40 copies an hour can be produced even 
by an unskilled operator, reduction or enlargement is possible, the copies 
are right-reading, and continuous-tone originals can be reproduced. 


The ‘Photostat’ Machine is a simple and practical means of quickly 
producing photographic copies of all kinds of originals, commercial 
papers, maps, drawings, dye-line prints, etc. Though a photographic 
process is employed, it can be operated without technical skill and under 
normal room-lighting conditions. 


‘Photostat’ Paper, upon which the copy is made, has a highly ortho- 
chromatic, high-contrast, fast emulsion, especially spooled for daylight 
loading. Its orthochromatic sensitizing permits the copying of coloured 
originals, and of those originals which have become yellowed with age. 


The original to be copied is placed horizontally below the lens on the 
adjustable copyboard; a prism in front of the lens produces a laterally 
unreversed image in a vertical plane. The focusing is mechanical by 
calibrated scales, and an automatic counting device records the number of 
copies made. The paper is loaded into the camera as a 350-foot spool of 
the width and grade required. After exposure, the exposed paper is 
automatically severed from the roll and then passed into baths containing 
developing and fixing solutions prepared from ‘Photostat’ No. 4 Developer 
Powder and No. 4 Fixer Powder, or from ‘Kodak’ DPC Developer and 
‘Kodafix’ Solution (both of which are supplied as concentrated liquids). 


The maximum size of original that can be copied is 36 x 48 inches and 
the maximum copy size is 18x24 inches. The first copy produced is a 
right-reading negative copy. Subsequently, positive copies can be made 
simply by re-copying the negative copy. 

The only equipment needed, in addition to the ‘Photostat? Machine 
itself, is some form of illumination for the original being copied and 
running water for washing the copies after fixing. 
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Figure 4. The ‘Photostat’ Machine, No. 4 


The ‘Statfile’ system is particularly valuable in saving storage space 
occupied by drawings and other large originals. By means of the 
‘Statfile’ Recorder, originals of any size up to 40 x 60 inches are reduced 
down to relatively small film negatives, which can be stored very easily in a 
small space, and are much more readily accessible than the original. 
This recorder can instantly be converted into an enlarger by means of 
which the negatives may be enlarged back to the original or any inter- 
mediate size. Machine processing of prints up to 30x60 inches is 
possible using the ‘Kodak’ Auto-Processor, Model Q33/84, which provides 
for ready access to the recorded information. 

‘Statfile’ copying equipment is more fully described in Data Sheet 
IN-5. 

Further details concerning the equipment and materials mentioned in 
this section can be obtained from the Reprographic Sales Division of 
Kodak Limited at 246 High Holborn, London, W.C.1. 


MAKING OF OFFSET MASTERS 


A wide range of equipment and materials is supplied by Kodak Limited 
for the making of offset plates and masters for the subsequent production 
of multiple copies. Further details can be obtained from the Repro- 
graphic Sales Division of Kodak Limited at 246 High Holborn, London, 
W.C.1. 
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‘RECORDAK’ COPYING 


Microcopies can be made by the use of Recordak ‘Micro-File’ Cameras 
or Microfilmers on to lengths of either 35 mm or 16 mm film and may 
subsequently be viewed or printed by means of one of the readers or 
printers described on pages 9to 12. Among the particular advantages of a 
microcopying technique are: 


I It is a rapid and the cheapest system of document copying commercially 
available. 


2 Used as part of an accounting system, it reduces operational costs and 
allows speedier customer service. 


3 It saves considerable storage space and allows faster access to informa- 
tion than do conventional files, thus allowing reductions in filing staff. 


4 It preserves valuable originals from fire, mutilation, theft, etc., and from 
the normal wear and tear sustained during everyday use. 


5 It is an inexpensive method of acquiring books or runs of journals 
which are unobtainable in the original form, or which are not desired for 
financial or other reasons. 


Recordak ‘Micro-File’ cameras and microfilmers 

Recordak ‘ Micro-File’ Camera, Model MRD-2E : This model copies docu- 
ments up to 26 x 363 inches in size, and is suitable for recording ledgers, 
invoices, deeds, books, newspapers, engineering drawings, plans, etc. 
On a 100-foot length of 35 mm film, about 800 originals can be recorded. 

The camera is very easy to operate and members of office or workshop 
staffs with no knowledge of photography can very quickly learn to operate 
the simple controls and achieve the highest quality reproductions. 

The reproduction range is from 21:1 to 5:1, and the scaled column on 
which the camera unit slides is calibrated to show the ratio of reproduction 
at which an original is being photographed. 

Four lamps are held in appropriate position on fixed supports to give an 
even distribution of light over the copy-board, and a built-in exposure 
meter measures the intensity of light reflected from the surface of the 
original and gives an accurate indication of the necessary exposure. 


Recordak‘ Micro-File’ Camera, Model HMRG-1 : This model (see Figure 5) 
is designed for photographing drawings and large originals. It accom- 
modates drawings, charts, designs, maps, and other large single sheets 
up to 45x63 inches. The camera normally uses 100-foot rolls of 35 mm 
film and the film images are accurately spaced for mounting in aperture 
cards. A sub-surface illuminator is available as an accessory; it replaces 
the normal baseboard for copying translucent drawings and plans, ilum- 
inating them from below for better reproduction. Other accessories 
include an automatic exposure control and a multiple-frame exposure 
device. 
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Figure 5. The Recordak ‘Micro-File’ Camera, Model HMRG-1 


Six reduction ratios, i.e., 36:1, 30:1, 24:1, 20:1, 16:1, 12:1, are normally 
provided, but five extra reduction ratios are optionally available. The 
required reduction ratio is selected by movement of a single dial and 
focus is automatically adjusted as the camera unit is moved up or down 
the column. 


Recordak ‘Reliant’? 600 Microfilmer, Model RW : This machine has been 
designed to meet the increasing need for a microfilmer that will deal with 
documents at the rate of hundreds per minute. It films drafts, cheques, 
warrants, etc., at very high speed. 


Three methods of recording are possible with the ‘Reliant’ Microfilmer : 


1 The standard method which employs the full width of the film, and 
gives the lowest reduction ratio. 


2 The “duo” method which uses half the width of the film, recording one 
side of the document only. At the end of the run, the film is reversed, and 
its other half width is used in the same way for further recording. 


3 The “duplex” method in which the back and front of the document are 
photographed simultaneously, side by side on the film. 


There is a choice of four reduction ratios—45:1, 40:1, 32:1, and 24:1, 
and the ratio is changed by the use of interchangeable lens kits. With a 
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reduction of 45:1, one of the highest available in automatic 16 mm 
machines, 25 000 cheques or 12 000 letter-size originals can be recorded 
on 100 feet of film, thus achieving maximum economy in the use of film. 


An exceptional feature of this microfilmer is that it is possible to make 
duplicate films by exposing two rolls of up to 100 feet of film simultaneously 
at any of the four reductions and with any of the three microfilming 
methods. The microfilmer takes loose-leaf documents up to 12 inches in 
width and it photographs a field approximately 11 inches wide; their length 
is immaterial as the method of microfilming is continuous. 


The microfilmer incorporates the ‘Kodamatic’ Indexer which prints 
any of 300 separate combinations of index-code lines on the microfilm. 
By setting dials on the microfilmer, a code is photographed between 
documents to facilitate the location of a particular frame. 


Accessories for the ‘Reliant’ Microfilmer include an endorsing device 
for cancelling or endorsing documents after microfilming, and the 
‘Recordak’ Image Designator Mark Kit. The latter enables each orig- 
inal to be counted electronically, thus providing another rapid image- 
retrieval system. A sequential index imprint accessory is also available. 


The process of feeding and filming is entirely automatic. Originals 
are passed into the machine by means of a special feeder, filmed, and 
ejected into a receiving hopper which can be adjusted to suit the size of 
the papers. The machine can be fed by hand if only a small number of 
originals are to be filmed. 


‘Recordak’ Portable Microfilmer, Model RP-1E: This is a small light- 
weight, continuous-flow machine for making 16 mm microfilm records at 
a reduction ratio of approximately 20:1. It is designed for use on a desk 
or table top at installations where the volume of work does not justify the 
cost of more expensive microfilming equipment, and where portability is 
an important factor. 


The film unit is removable and has a capacity of two 100-foot rolls of 
film. This enables the user to expose two rolls of film simultaneously— 
one for immediate use and a duplicate for auditing or security purposes. 
The microfilmer records one side of originals up to 12 inches wide (of 
which only 11 inches will be photographed); their length is immaterial as 
the method of microfilming is continuous. Originals are hand-fed from 
a hinged feeding shelf and are discharged into an adjustable hopper, 
situated below the feeding shelf, at desk or table-top level. 


The hinged feeding shelf and the removable film unit allow the micro- 
filmer, the film unit, and extra film and lamps to be packed in a small 
special carrying case. 


‘Recordak’ readers and printers 


‘Recordak’ Precision Reader/Printer, Model P1824: This will provide for 
the combined viewing of film (mounted in aperture cards or in acetate 
envelopes) and the subsequent making of high-quality, high-contrast, 
right-reading or reverse-reading photocopies completely automatically. 
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‘Recordak’ Portable Aperture-Card 
Reader, Model MKR: (see Figure 
6)—This is a very compact film 
reader providing easy reference to 
engineering records, etc., on micro- 
film. It incorporates many design 
features and functional advantages 
which are usually found only in the 
larger and more costly reader units, 
with the added advantage of being 
readily movable for individual use. 


‘Recordak’ Archival Reader: This 
reader is designed primarily for the 
viewing of 35 mm microfilm, but 
can also be used for 16 mm film. A 
large viewing screen measuring 18 
inches square is conveniently 
situated at desk level, and the body Figure 6. ‘Recordak’ Portable Aperture 
of the reader is so designed that it —Card Reader, Model MKR 
shields the screen from extraneous 
light. 

Two lenses are fitted—a 1l-inch lens giving 24 times magnification, and 
a 2-inch lens giving 12 times magnification. The higher magnification 
enables microfilm records made at high reduction ratios to be read as 
easily as those made at lower reduction ratios. At 12 times magnification, 
the whole of a microfilm image up to 14 x 14 inches can be projected on 
to the screen. 





‘Recordak’ Commercial Reader, 
Model 2-AR: This desk-top reader 
accommodates 16mm microfilm in 
100-foot rolls or ‘Recordak’ film 
magazines. Film loading and 
operating controls have been placed 
so as to allow easy and comfortable 
use, and the 12x 12-inch screen is 
tinted green to reduce eye strain. 
A choice of four easily inter- 
changeable lenses, i.e., x 20, x 24, 
x 32, x40, is available. The opti- 
cal system incorporates a prism 
which allows the user to orientate 
the image in the correct reading 
position. The special edge-guide 
film-gate has been designed to 
reduce film scratching, and the 
film transport is motorized with a 
sensitive speed control. Another 
version, the Model 2-A, is available Figure 7. 





z ‘Recordak’ Commercial 
with manual film transport. Reader, Model 2-AR 
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Recordak ‘Magnaprint? Reader, Model PE-1A: This equipment (see 
Figure 8) is designed for viewing 16 mm and 35 mm microfilm in roll 
form, and it is readily adaptable to film magazines as well as to microfilm 
in aperture cards, transparent film jackets, etc. In about 30 seconds it can 
reproduce the image projected on its screen in facsimile print form. 

This reader-printer has a screen measuring 11 inches square, and can 
be fitted with a variety of lenses giving magnifications from approxi- 
mately 12 to 38 times. The film-transport mechanism, which is motor- 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 8. The Recordak ‘Magnaprint? Figure 9. ‘Recordak’ Micro-Thin Jacket 
Reader, Model PE-1A Reader-Filler, Model FRF 1200 


driven to facilitate rapid image-retrieval from microfilm in rolls or in 
magazines, can be moved through a scanning range to permit reference to 
both rows of images produced by the “duplex” and ‘“‘duo” methods 
employed by the ‘Reliant’ Microfilmer (see page 8). 

The printing operation is completely automatic once the print button 
has been pressed. A print is produced in about 30 seconds, but the 
reader is again ready for further viewing in 10 seconds. The printer 
automatically cuts the paper to 11 inches in length and delivers the print 
squeegeed dry. Paper is loaded into the printer in 150-foot rolls; this 
operation can be carried out in room lighting. Three widths of paper 
are available—4, 54, and 84 inches. 


‘Recordak’ Micro-Thin Jacket Reader-Filler, Model FRF 1200. This model 
(see Figure 9) automatically cuts and loads film strips or single frames into 
‘Recordak’ Micro-Thin Jackets. Up to 400 strips of microfilm can be 
inserted into jackets in one hour. Editing and verification is simplified 
as the images being inserted can be read on the viewing screen. It is 
particularly useful where there is a need to edit the images from the roll of 
microfilm in order to revise or add to a specific record. 
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Figure 10. ‘Recordak’ Filmcard Reader, Model PFC-46-1 


‘Recordak’ Filmcard Reader, Model PFC-46-1: This reader (see Figure 
10) is designed to read film in ‘Recordak’ Microfiche Jackets or normal 
microfiches. A large 10} x 13}-inch green-tinted screen gives a brilliant 
image, and a choice of lenses, i.e., x 20, x 23, x 26.5, is available. The 
location of specific images is facilitated by a vertical alphabetical scale 
and a horizontal numerical scale, which are positioned on the front of the 
film carriage below the screen. 


A simpler version, the Model PFC-66, without the image location 
facility is available. 


Sensitized materials 


The sensitized materials recommended for use with the Recordak 
“Micro-File’ cameras, Model MRD-2E and Model HMRG-1, (see Figure 
5) are Recordak ‘Micro-File’ Panchromatic Film, Type 5669 (see Data 
Sheet FM-58) and ‘Micro-File’ AHU Film, Type 5459, both in 101-foot 
lengths. Both these films are panchromatic, but the latter has a special anti- 
halation undercoat and gives images of the very highest quality; it is 
particularly suitable for microfilming engineering drawings. 

For the ‘Recordak’ Portable Microfilmer and the ‘Reliant’ 600 Micro- 
filmer, Model RW, the recommended panchromatic material is ‘Recordak’ 
Fine-Grain Film, Type 7456, which is available in 50-foot, 100-foot, and 
200-foot lengths on daylight-loading spools. 

‘Micro-File’ Film, Type 7452, is recommended for use in some older 
types of microfilmer, such as the ‘Recordak’ High-Speed Microfilmer, and 
the ‘Reliant’ Microfilmer, Model ERM. This panchromatic film is 
available in 50, 100, and 200-foot lengths. 
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Cataloguing and retrieving microfilmed information 


Material on microfilm may be catalogued in the same way as the original, 
indicating on the catalogue cards that the work is in microfilm form. Each 
microfilm may be given an accession number by which it is filed. When 
a volume is microfilmed it is helpful to arrange for the index to be recorded 
immediately after the title page and contents list; this saves the reader’s 
time and avoids unnecessary wear on the film. 

Various automatic systems are available for indexing and retrieving 
microfilmed material. Systems based on the ‘Kodamatic’ Indexer and 
the ‘Recordak’ Image Designator Mark Kit have already been mentioned, 
in connection with the ‘Reliant’ 600 Microfilmer (see page 8). Alterna- 
tively, the Recordak ‘Miracode’ System provides a method of very 
rapidly locating not only individual documents by their accession numbers, 
but also all documents containing information pertaining to a given subject 
as indicated by previously assigned descriptors. The system employs a 
binary index code, in the form of clear and opaque rectangles photographed 
on the microfilm, to identify each image or group of images. This code 
is sensed by an electronic device when the film is run through a special 
reader which then displays the image on its screen and will produce a 
paper print automatically, if so desired. 


Storage of microfilm 


Full recommendations for the storage of microfilms are given in British 
Standard 1153:1955. 

In general, microfilm should be stored in dust-proof containers arranged 
so that the coiled film stands on edge. All film stored in rolls should be 
wound on a core at least 1 inch (2.5 cm) in diameter. The magazines for 
16mm film which are used with certain ‘Recordak’ microfilm readers 
afford good protection against dust and they can readily be stacked. 

Further information on ‘Recordak’ films and equipment is available 
from the Recordak Division of Kodak Limited at 246 High Holborn, 
London, W.C.1. 


BIBLIOGRAPHY 
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STABILIZATION PROCESSING TECHNIQUES 


CONVENTIONAL processing of photographic materials involves development 
of the exposed silver halide to a silver image and conversion of the un- 
exposed silver halide to soluble salts by fixing. These soluble salts can 
then be removed from the paper by washing to give a permanent photo- 
graphic image. Such permanence, however, is not always required, and 
by a simplification of the processing technique a photographic record can 
be produced much more quickly and with a minimum of effort, technical 
skill, and equipment. 

Thus an effective photographic record can be obtained, after develop- 
ment, merely by converting the unexposed and undeveloped silver salts 
of the photographic emulsion to a colourless form which is relatively 
unaffected by heat, light, and moisture, and thus eliminating the washing 
process. Such a stabilization process may be defined as the treatment of 
unexposed and undeveloped silver halides so as to render them relatively 
inert. 

Continuous-tone papers are now available which can be processed in this 
manner, e.g., Kodak ‘Ektamatic’ papers. As the prints are processed in only 
a few seconds, this technique offers considerable advantages in any applica- 
tion where high-quality prints are required very quickly, e.g., proof photo- 
graphs, advertising layouts, prints for newspaper reproductions, and 
police identification photographs. Additionally, stabilization techniques 
are widely employed in document-copying processes (see Data Sheet 
IN-5) for making prints of letters, maps, diagrams, etc. They are also 
suitable for the production of positives for use as intermediates in dye-line 
printing. The obvious advantage of these processes is the short time in 
which copies can be produced at relatively low cost and using unskilled 
office personnel entirely untrained in photographic techniques. 

Several processors are available which employ the stabilization technique; 
for example, the ‘Kodak’ Auto-Processor, Models Q14, Q14A, and Q33/84. 





Immersion processing 

This method generally employs a processor consisting of two troughs, 
one containing the developer solution and, the other the stabilizer. After 
exposure, the paper is fed through the baths by rollers and successively 
immersed in both solutions. This type of machine, which is represented 
in the diagram below, processes at about 2 feet per minute, and the prints 
emerge in a damp state needing little drying. Immersion processing has, 
however, been superseded by surface-application processing which 
produces drier prints at a higher processing rate. 


Qn 
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Surface-application processing 

The ‘Kodak’ Auto-Processors mentioned above use this method of 
processing. In these processors, a set of driven rollers is used partially 
immersed in the processing solution, with a set of guides above the 
rollers. After exposure, the paper is fed between the rollers and the 
guides with its emulsion side in contact with the rollers. The rollers 
carry the paper through the machine, and simultaneously apply processing 
solution to the emulsion surface. Because the emulsion layer only, and 
not the paper base, is wetted by the processing solution, the print can dry 
more rapidly and this permits a higher processing rate. Squeegee rollers 
remove surplus solution from the print which is delivered near-dry at a 
processing rate of 10 feet per minute. The diagram shows the principle. 


oe . 
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The chemicals required for processing ‘Ektamatic’ Papers and ‘Koda- 
graph’ Q Papers in this manner are ‘Kodak’ QA5 Activator and QA6 
Stabilizer. For ‘Autopositive’ materials, ‘Kodak’ SP Developer and SP 
Stabilizer are required. All ‘Kodak’ papers for surface-application 
processing can also be processed in machines employing surface- 
application of the developer followed by immersion in the stabilizer. 


Stability of prints 

The permanence of prints made by the stabilizing technique cannot 
be expected to be as great as that obtained when convenional fixing and 
washing operations are undertaken. However, it is sufficiently good for 
most commercial purposes; document copies should show little change in 
3 years, and continuous-tone prints in 6 months, if the prints are filed in a 
cool, dry atmosphere. These periods are based upon the assumption that 
the recommendations have been followed. Also, for maximum life, 
prints should be allowed to dry thoroughly before being filed and should 
not be stacked whilst still damp. Sheets of ‘Fotonic’? Photographic 
(blotting) Paper can effectively be employed in stacks to dry prints after 
processing. If stored for periods longer than those mentioned above, 
the background of the prints may gradually stain a brownish colour, 
very light at first, but becoming progressively darker. Nevertheless, 
the prints will still be entirely legible, and under reasonable storage 
conditions document copies will remain legible for many years. If prints 
that have been stabilized are handled frequently, especially in sunlight, 
staining will appear more quickly and the length of life will be somewhat 
reduced. The presence of sulphur fumes (hydrogen sulphide, sulphur 
dioxide, etc.) in the atmosphere in which stabilized prints are stored will 
probably do much to shorten their life. 
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If required, the degree of permanence of stabilized prints can be 
changed to accord with that of prints processed by normal means. This 
is achieved at any time subsequent to the original treatment simply by 
normal fixing, washing, and drying. Prints treated in this manner may 
also be heat dried and dry mounted. 

NOTE: Stabilized prints should ot be rinsed or washed prior to drying, 
nor should they be dried at a temperature exceeding 38°C (100°F), unless 
they have been fixed and washed as recommended above. 


Mounting prints 

Stabilized prints can be mounted by the corners or by using double- 
sided adhesive tape. If the prints are to be dry mounted, they must be 
fixed and washed, as prints straight from the processor may stain when 
heat is applied. 
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STABILIZATION PROCESSING TECHNIQUES 





CONVENTIONAL processing of photographic materials involves development 
of the exposed silver halide to a silver image and conversion of the un- 
exposed silver halide to soluble salts by fixing. These soluble salts can 
then be removed from the paper by washing to give a permanent photo- 
graphic image. Such permanence, however, is not always required, and 
by a simplification of the processing technique a photographic record can 
be produced much more quickly and with a minimum of effort, technical 
skill, and equipment. 


Thus an effective photographic record can be obtained, after develop- 
ment, merely by converting the unexposed and undeveloped silver salts 
of the photographic emulsion to a colourless form which is relatively 
unaffected by heat, light, and moisture, and thus eliminating the washing 
process. Such a stabilization process may be defined as the treatment of 
unexposed and undeveloped silver halides so as to render them relatively 
inert. 


Stabilization techniques are now widely employed in document- 
copying processes for making prints of letters, maps, diagrams, and 
continuous-tone subjects. They are also suitable for the production of 
positives for use as intermediates in the making of dye-line prints. The 
obvious advantage of these processes is the short time in which copies 
can be produced at relatively low cost and using unskilled office personnel 
entirely untrained in photographic techniques. 

Several pieces of equipment are available which employ stabilization 
processing. These are designed primarily for processing various docu- 
ment-copying papers, including Kodak ‘Autopositive’ materials. 


Immersion processing 


This method of processing is used in the ‘Duostat’ Autoprocessor. 
This processor consists of two troughs, one containing the developer 
solution, the other the stabilizer. After exposure, the paper is fed 
through the baths by rollers; the paper is successively immersed in both 
solutions. This type of machine, which is represented in the diagram 
below, processes at about 2 feet per minute, and the prints emerge in a 
damp state needing little drying. 
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The solutions used in this method are Kodak ‘Duostat? DC Developer 
and Kodak ‘Duostat’ Print Stabilizer. 
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Surface-application processing 

The ‘Duostat’ Rapid Print Processor uses this method of processing, 
and in this type of equipment a set of driven rollers is used partially 
immersed in the processing solutions, with a set of guides above the 
rollers. After exposure, the paper is fed between the rollers and the 
guides with its emulsion side in contact with the rollers. The rollers 
carry the paper through the machine, and simultaneously apply processing 
solution to the emulsion surface. Squeegee rollers remove surplus 
solution from the print which is delivered near-dry at a processing rate 
of 10 feet per minute. The diagram shows the principle. 
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Stability of prints 

The permanence of copies made by the stabilizing technique cannot 
be expected to be as great as that obtained when conventional fixing and 
washing operations are undertaken. However, it is sufficiently good for 
most commercial office records and should show little or no change in 
3-4 years if the prints are filed as ordinary office papers in a cool, dry 
atmosphere. This period is based upon the assumption that the recom- 
mendations are being followed. Also, for maximum life, prints should 
be allowed to dry thoroughly before being filed and should not be stacked 
whilst still damp. Sheets of Fotonic Photographic (blotting) Paper can 
effectively be employed in stacks to dry prints after processing. After 
3-4 years the background of the prints may gradually stain a brownish 
colour, very light at first, but becoming progressively darker. Never- 
the-less, the prints will still be entirely legible, and it is estimated that 
under reasonable storage conditions the prints will remain legible for 
many years. If prints that have been stabilized are handled frequently, 
especially in sunlight, staining will appear more quickly and the length 
of life will be somewhat reduced. The presence of sulphur fumes 
(hydrogen sulphide, sulphur dioxide, etc.) in the atmosphere in which 
stabilized prints are stored will probably do much to shorten their life. 

If required, the degree of permanence of stabilized prints can be 
changed to accord with that of prints processed by normal means. This 
is achieved at any time subsequent to the original treatment simply by 
normal fixing, washing, and drying. 
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ESTIMATING ADJUSTMENT OF EXPOSURE TIME 
WHEN PRINTING FROM COLOUR NEGATIVES 


IN the printing of colour negatives on to Kodak ‘Ektacolor’ Paper, the use 
of one or more filters is almost invariably required in the exposing light 
beam in order to obtain a correctly balanced print. If a test print is of 
correct density but of incorrect colour balance, a change in the filter 
combination is required, and this can be assessed in accordance with the 
information given in Data Sheet PP-12. 

The new exposure time for the new filter combination can be assessed 
by dividing the test-print exposure time by the filter factor of the filter 
removed from the combination (or the product of the filter factors if more 
than one filter is removed), and multiplying by the filter factor of the filter 
added to the combination (or the product of the filter factors if more than 
one filter is added). Another method is by the use of a ‘Kodak’ Colour 
Print Exposure Time Calculator. A further method is by the use of the 
nomogram and filter density tables included in this Data Sheet. The 
total density derived from these tables—given separately for ‘Kodak’ 
Colour-Printing Filters (CP filters) and ‘Kodak’ Colour-Compensating 
Filters (CC filters)—allows for both the change in filtering action, and 
the change, if any, in the number of filter surfaces. 


The nomogram is used in the following manner :— 


| The densities of the filters used for the test print should be found from 
the appropriate table overleaf. 


2 The densities should be added and the corresponding point selected 
on scale A. 


3 The point on scale C should be located which represents the exposure 
time (in seconds) found correct for the test print. 


4 A straight-edge should be laid across the nomogram between these 
points. 


5 The point where the straight-edge intersects scale B should be noted 
(the arbitrary figures on this scale can conveniently be used). 


6 The densities of the new filter combination to be used should be added 
and the figure corresponding to their total located on scale A. 


7 The straight-edge is then laid across from this new point to the point 
previously noted on scale B (as found in step 5). 


8 The intersection of the straight edge with scale C then gives the 
estimated exposure time required for the new filter combination. 


Note—If an exposure time is greater than 64 seconds, all figures in scale 
C can be multiplied by, for example, a factor of 10, so that the scale then 
runs from 20 to 640 seconds. 
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DENSITIES OF CP FILTERS 





Filter Density Filter Density Filter Density 
CP 025Y 0-07 CP 025M 0-08 CP 025C 0-08 
CP OSY 0-07 CP 0SM 0-09 CP 05C 0-09 
CP 10Y 0-07 CP 10M 0-11 CP 10C 0-11 
CP 20Y 0-07 CP 20M 0-16 CP 20C 0-15 
CP 30Y 0-08 CP 30M 0-21 CP 30C 0-18 
CP 374Y 0-08 CP 374M 0°26 CP 37£C 0-21 
CP 40Y 0-08 CP 40M 0-26 CP 40C 0-21 
CP 423Y 0-08 CP 423M 0-26 CP 42$C 0-21 
CP 474Y 0-08 CP 474M 0-30 CP 47£C 0-24 
CP SOY 0-08 CP 50M 0-30 CP 50C 0-24 
CP 524Y 0-08 CP 524M 0-30 CP 52£C 0-24 





DENSITIES OF CC FILTERS 


Filter Density Filter Density Filter Density 





Example : Filter combination used for test print—CP 30M+CP 10Y 
Test-print exposure time—12 seconds 
(test-print density was judged correct) 
Densities of filters used for test print—0-21+0-07=0-28 
Assessed filter combination required for final print— 
CP 25M+CP 15Y=CP 20M+CP 05M+CP 10Y+CP 05Y 
Densities of these filters=0-16+0-09+0-07+0-07=0-39 
Required exposure time obtained from nomogram= 154 
seconds 
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DOCUMENT COPYING WITH 
THE KODAK ‘VERIFAX’ COPIERS 


THE ‘Verifax’ Copiers are compact pieces of office-copying equipment 
designed for the production of single or numerous permanent copies from 
printed, typed, hand-written, or drawn originals up to and including the 
size of 14x 18 inches (35°6 45-7 cm). The originals can be opaque or 
translucent, single-sided or double-sided, and coloured pencil or ink 
characters are faithfully reproduced. 


Procedure 

To make the copies, a sheet of light-sensitive ‘Verifax’ Matrix Paper, 
available in several suitable sizes, is exposed in the copier in contact with 
an original. The exposed matrix paper is then immersed in an activator 
solution, kept at a thermostatically-controlled temperature, for 20 seconds, 
after which it is withdrawn in contact with a sheet of ‘Verifax’ Copy 
Paper, also available in several sizes. The two sheets are then immediately 
stripped apart, the copy paper showing imprinted on it a facsimile copy of 
the original, almost dry and ready for use. 

‘Verifax’ Fine-Line Matrix (CS) Paper can be used to make 
high-quality single copies by this method. Using ‘Verifax’ Super 
Matrix (S7) Paper or regular ‘Verifax’ Matrix (CM) Paper, additional 
copies are easily and quickly produced by re-inserting the matrix sheet 
in the activator solution for just long enough to allow a fresh sheet of 
copy paper to be aligned with it, and the two sheets are then withdrawn 
in contact and stripped apart, as before. Five accurate and permanent 
dry copies can be produced in one minute, with further copies, if required, 
within seconds. By quickly repeating the procedure, at least six copies 
can be obtained from each sheet of matrix paper. 





Figure I. ‘Verifax’ Standard Copier, Model 2. 
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Technical details 


The light-sensitive coating on ‘Verifax’ Matrix Paper is a suspension in 
gelatine of silver halide, developer, and dye-forming compounds. 

When this paper is exposed in the copier, the light reaches the coating 
through the paper base. Those portions of the coating in contact with 
the clear areas of the original receive the greatest quantity of light, and 
after the matrix paper has subsequently been immersed in the activator 
solution for 20 seconds, these fully-exposed portions are so hardened as to 
adhere to the base of the matrix paper; they do not transfer to the copy 
paper on stripping apart. Conversely, the partially exposed portions of 
the coating, those in contact with the image areas of the original, are dyed 
and partially developed, but they are not hardened. Consequently, on 
contact with the copy paper, a thin layer of these unhardened, dyed 
portions is transferred. By rapidly repeating the process with further 
sheets of copy paper, the lower layers of the unhardened material on the 
matrix paper can be transferred to provide additional copies. 

The white areas of the copies remain white because little, if any, of rhe 
material is transferred to them. Although the image can be expected to 
turn very slightly warmer in colour after some time, the copies will remain 
as legible as other business papers, and are quite permanent. 

To produce copies of higher quality and resolution from originals 
containing fine-line detail such as maps, plans, or engineering drawings, 
from existing negatives or blue-prints, or from originals combining text 
and half-tone illustrations (such as magazine or newspaper articles), Fine 
Line Matrix Paper should be used instead of the regular matrix paper 
mentioned above. Fine Line Matrix Paper gives single copies that 
reproduce both crisply and sharply all details of such originals. 

The three types of matrix paper can be used interchangeably with any 
‘Verifax’ Copier. 


‘Verifax’ Copiers 


‘Verifax’ Copiers are available in five models which are listed below:— 


Verifax ‘Cavalcade’ Copier, Model H1-R 
Verifax ‘Witness’ A3 Copier, Model 2 
“Verifax’ Standard Copier, Model 2 
Verifax ‘Signet’ Copier, Model B 

Verifax ‘Bantam’ Copier 

The ‘Cavalcade’ Copier (Figure 2) uses the same process as that 
described under ‘Technical Details’ above. However, it differs in 
operation by having several automatic features which are not incorporated 
in the other copiers described in this Data Sheet. 

Exposure is made on the “flow” principle, and only flexible originals 
having a maximum size of 8} x 14 inches can be copied. The exposure 
cycle starts automatically when the original and a sheet of the matrix 
paper are fed into the copier: exposure is pre-set and a fine adjustment 
is provided which allows compensation for originals of abnormal colour 
or quality. At the conclusion of the activating period, the copy paper is 
automatically positioned on to the matrix paper—facilitating the rapid 
production of same-size copies. The copier is charged with a replaceable 
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Figure 2. Verifax ‘Cavalcade’ Copier, Model H1-R. 


cartridge of ready-to-use liquid activator which provides a reservoir 
from which activator is automatically circulated. This extends the 
working life of the activator solution and the frequency of changing 
the cartridge is very much lower than when changing the supply bottle 
used with the other ‘Verifax’ copiers. 

The ‘Witness’ Copier (Figure 5) will make copies up to and including 
14x18 inches (35°645°7 cm) and is suitable for book copying. A 
removable tray is provided for housing the copy paper but the matrix 
paper is kept in separate, specially designed dispensers. The Standard 
Copier (Figure 1) is similar in basic form, though smaller. It is designed 
to make copies up to and including 8}x14 inches (21-6 x35°6 cm), 
and can also be used for book copying. It incorporates compartments 
which hold both matrix and copy papers, an activator-replenishing 
system, and a built-in copy trimmer. 

The ‘Signet’ Copier (Figure 4) is also designed to make copies up to 
8} x 14 inches (21-6 35°6 cm). The copies are made on same-size copy 
paper and require no trimming to make them ready for use. In this case, 
the copy paper is housed within the copier but the matrix paper is kept 
in a separate dispenser. 

The ‘Bantam’ Copier (Figure 3) is the cheapest of the ‘Verifax’ copiers 
and is designed for use in small offices; it will accept flexible originals up 
to and including 8}x11 inches (21:6x27°9 cm). Like the ‘Signet’ 
Copier, the copy paper is housed within the copier, and the matrix paper 
in a separate dispenser. 
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All the aforementioned copiers, except the more automatic ‘Caval- 
cade’ model, are provided with simple built-in exposure and activation 
timers. 





Figure 3. Verifax ‘Bantam’ Copier. 





Figure 4. Verifax ‘Signet’ Copier, Model B. 
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Figure 5. Verifax ‘Witness’ A3 Copier, Model 2. 


Making coloured copies 


In addition to the normal white copy paper, there are available four 
tinted copy papers (blue, green, pink, and yellow) of similar weight and 
quality. These are valuable for certain business systems which require 
the use of distinctively coloured copies to identify various functions. 
Tinted copy paper is available only in the size 83x13 inches (21-6x 
33-0 cm). 


Making of translucent master positives 


A ‘Verifax’ Copier can be used for the making of translucent master 
positives suitable for use in blue-print or dye-line printing machines. 
The procedure is broadly similar to that outlined in the sections above, 
but the ‘Verifax’ Copy Paper is replaced by ‘Verifax’ Translucent Copy 
Paper, and a maximum-contrast, translucent, master positive is produced. 


Making transparent copies 


‘Verifax’ Transparent Sheeting provides a suitable means of making 
semi-transparent copies, which are ideal for overhead projection or as 
masters for dye-line or blue-printing. The matrix should be made on 
‘Verifax’ Fine-Line Matrix Paper. 
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This sheeting is a film-base material having a fine matt surface which 
will accept annotations in ink, ball-point, or pencil. It is available in 
the size 83 x 11 inches (21°6 x 27°9 cm). 

Like all ‘Verifax’ copies, this material produces copies which are 
permanent. 


Making of offset masters 


When the ‘Verifax’ Copier, preferably the Standard model, is used in 
conjunction with the ‘Verifax’ Offset Adapter, photographically accurate, 
paper, offset masters can be made from a wide variety of originals. From 
these masters many hundreds of copies can be produced on an offset 
duplicator. 


Other ‘Verifax’ copier accessories 


The ‘Verifax’ Book Copying Unit can be used with any of the ‘Verifax’ 
copiers to make copies of book and magazine pages in sizes up to 8} x 11 
inches (21-6 x 27-9 cm). Its design enables sharp copies to be made from 
even tightly bound volumes and it is an ideal accessory for those who 
have a regular need to copy from books. Being portable, it is easily 
carried to places away from the home location, such as distant libraries 
from which books cannot be borrowed. A built-in voltage compensator 
assures accurate matrix exposure in such conditions. 

The ‘Verifax’ Actimeter Unit enables owners of ‘Signet’, ‘Witness’, and 
Standard Copiers to use the same liquid activator-loaded cartridges that 
are used in the ‘Cavalcade’ Copier. When the unit is connected to the 
activator tray of one of the above copiers, it automatically maintains the 
temperature and strength of the activator. 


Further technical details of any of the products described in this Data 
Sheet are available on application to the Office-Copy Sales Division of 
Kodak Limited at 246 High Holborn, London, W.C.1. 
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KODAK CHEMICAL-TRANSFER PROCESS 


THE chemical-transfer process of document copying is very versatile, as 
any printed, typed, or hand-written original may be copied. The original 
can be opaque or translucent, single-sided or double-sided, and coloured 
pencil or ink characters will be faithfully reproduced; half-tone illustra- 
tions can be reproduced if the screen is not too fine. The copy can be 
made on any one of several positive papers according to the use to be made 
of it, and the process can also be used to produce lithographic printing 
plates for small offset-litho printing machines. 


THE CHEMICAL-TRANSFER PROCESS OF DOCUMENT COPYING 
Equipment 

A wide range of equipment for the chemical-transfer process is supplied 
by various manufacturers. It is neither possible nor necessary to describe 


individually the equipment available; only the different types are con- 
sidered below. 


A printer is required in which the negative paper may be exposed in 
contact with the original. Two basic types of printer are available. 
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The first is the flat-bed type of printer which is used in many other 
document-copying processes. The lid of the printer may contain either a 
soft pressure pad or a vacuum blanket to hold the sheets in close contact. 
Some flat-bed printers are available which incorporate a developing 
machine of the type described below. 


In the second type of printer, the negative paper and the document are 
passed through the printer automatically by a system of motor-driven 
belts or rollers. This type of printer is usually combined with an auto- 
matic developing machine. 


Figure 1 shows the two main varieties of automatic printer both of which 
incorporate a tubular light-source, such as a fluorescent lamp. In one 
the sheets are passed in front of the light-source by a roller system whilst 
in the other the light-source is fitted inside a transparent cylindrical 
roller around which the sheets are passed. The exposure time is controlled 
by altering the amount of light reaching the negative paper, and this is 
usually accomplished by means of shutters around the light-source, but 
sometimes by varying its brightness. 


Automatic printers produce copies of adequate quality for all normal 
copying requirements but, in general, flat-bed printers (particularly those 
using a vacuum blanket to ensure contact between the sheets) produce 
sharper results. This is normally important only when producing litho- 
graphic printing plates. 

In addition to a printer, a developing machine is necessary. In many 
cases this is built into the same machine as the printer (see Figure 1) but 
if not, a separate machine will be needed. This may be hand-operated or 
motor-driven, but in both cases the operating principle is the same. The 
positive paper and one or two sheets of exposed negative paper (according 
to the type of copy being produced) are inserted by hand into two or three 
closely spaced slots. They pass through a container of developer solution 
in the body of the machine, being held apart by a series of guides or 
channels. On emerging from the developer the sheets pass between a pair 
of revolving rollers which complete the transport of the papers through the 
developer, squeegee the sheets into contact with one another, and eject 
them from a single exit slot. The sheets are then stripped apart by hand 
to separate the copy from the negative paper. 


Procedure 


A sheet of negative paper is first exposed in contact with the original. 
With all opaque or double-sided documents, the reflex-printing method 
should be used. With documents printed on one side only of very flimsy 
paper, or with transparent originals, such as film positives, the trans- 
mission-printing method should be used. Data Sheet DC-1 describes 
these printing techniques in detail. 


The exposed negative paper is then developed in a developing machine 
as described above. Whilst the negative and positive sheets are in contact 
an image of the document is formed on the positive paper by a transfer of 
chemicals between the sheets. After a short time the sheets are stripped 
apart leaving the copy on the positive paper ready for use. A second copy 
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can be made from the same sheet of negative paper if it is passed through 
the developing machine again with a fresh sheet of positive paper. 


When using ‘Kodak’ CT Offset materials to produce lithographic 
printing plates, the exposure and processing procedures are generally 
similar except that the final image is formed on a sheet of special metal foil 
and has to be treated with a fixing chemical. 


Technical details 


The emulsion layer of the negative paper is similar to a normal photo- 
graphic emulsion and consists mainly of gelatine containing light-sensitive 
silver halides. Exposure to light will form a black-and-white negative 
image in the conventional manner on development, but here ends the 
resemblance to normal photographic processes. Figure 2 represents the 
mechanism of the process. 
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The positive paper also has a gelatine layer, but instead of silver halides 
it contains sodium thiosulphate (hypo) which is capable of dissolving 
silver halides. It also contains chemicals called ‘“‘nucleating agents” 
which are capable of converting dissolved silver halides into metallic 
silver grains. 


As the positive paper passes through the developer, the hypo in the 
gelatine dissolves, but remains in the emulsion layer. When the developed 
negative paper is squeegeed into contact with the positive paper, the 
hypo solution diffuses into the emulsion layer of the negative paper. In 
the areas where the silver halides have been developed to silver grains, no 
action can take place; however, in the unexposed image areas, the hypo 
dissolves the unchanged silver halide. This solution in turn diffuses out 
of the negative emulsion into the gelatine layer of the positive paper. 
Here it encounters the nucleating agent which has remained in the gelatine. 
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The nucleating agent then converts the dissolved silver halides into black 
metallic silver grains, thus forming a black positive image on the positive 
paper. Because the gelatine layers are so thin and the distances travelled 
by the various solutions are so small, no significant sideways diffusion 
takes place. Thus a sharp, well-defined reproduction of the original is 
obtained when the sheets are stripped apart. 


MATERIALS 


Kodak Limited supplies a wide range of materials for the chemical- 
transfer process which may be used with any of the exposing and 
developing machines marketed by the various manufacturers of this type of 
equipment. 


‘Kodak’ CT Negative Papers 


These are light-sensitive and are exposed in contact with the original. 
Three negative papers of different sensitivities are available, so that a 
paper of suitable speed may be chosen for the particular type of printer 
in use. 


CT Negative Paper, Slow S: This is the slowest of the three papers, and 
is suitable for use in printers with high-intensity exposing lamps or the 
slowest paper-transport rates. Because of its low sensitivity it can be 
handled in normal room lighting, whether natural or artificial. It should, 
however, be kept away from direct window light and from other bright 
light-sources. 

CT Negative Paper, Medium Speed MS: This paper is about three 
times as fast as the Slow paper. It is intended for use in printers having a 
somewhat lower light intensity or faster paper-transport rates, but it is 
still slow enough to be handled in normal room lighting. 

CT Negative Paper, Normal N: This is the fastest of the three papers, 
being about eight times as fast as the Slow paper. Because of its sensi- 
tivity it should only be handled in subdued natural or artificial light and, 
even under these conditions, should only be removed from its wrappings 
immediately before use. 


‘Kodak’ CT Positive Papers 


These are squeegeed into contact with the developed negative paper to 
produce the final copy. Several positive papers are available, each de- 
signed to produce a different type of copy. None of them is sensitive to 
light, and they may be handled under any lighting conditions. Among 
these are:— 

CT Positive Paper P: ‘This paper has a coating on one side only, and is 
used for making single-sided copies. It is thus suitable for the bulk of 
work in most offices. 

CT Positive Paper, Double-Sided PP: This is similar to the single-sided 
paper in its characteristics except that copies can be made on both sides. 
This enables facsimile copies to be made of double-sided documents and 
effects a considerable saving in filing space. 

CT Positive Paper, Translucent T: This paper is intended for making 
copies for use as masters for dye-line printing or for printing down on to 
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pre-sensitized lithographic printing plates. It is suitable for all other 
purposes when a copy on a translucent material is required. 


‘Kodak’ CT Materials for producing offset-litho printing plates 

CT Offset Negative Paper: This is a light-sensitive paper which is 
exposed in contact with the document from which the plate is to be made; 
it is approximately the same speed as CT Negative Paper, Slow. This 
paper may be handled in subdued natural or artificial light, but it should 
be kept away from direct window lighting or bright light-sources. Un- 
used paper should be kept in its wrappings until it is required for use. 


CT Offset Foil: This consists of a thin aluminium sheet having a very 
fine satin-grain on one side carrying an active coating. The foil is not 
light-sensitive and may be handled under any lighting conditions; it 
should, however, be kept covered when not in use, to avoid contamination. 


‘Kodak’ CT Chemicals 


CT Developer: This is the normal developer which is used for all negative 
papers except Offset Negative Paper; it is suitable for use with all makes 
of processing machines. To suit individual requirements, it is available 
either in liquid or powder form. 

CT Offset Developer: This special developer is intended only for use with 
CT Offset Negative Paper and CT Offset Foil. It is available only as a 
concentrated liquid. 

CT Offset Fix: This is used to fix the image formed on CT Offset Foil, 
making the image areas hydrophobic (and, hence, ink-receptive) and the 
background hydrophilic (and, hence, ink-repellent). It is available only 
as a liquid chemical, ready for immediate use. 


Further technical and working details are available on application to the 
Office Copy Sales Division of Kodak Limited at 246 High Holborn, 
London, W.C.1. 
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‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





INDUSTRIAL APPLICATIONS 





IN-I 
IN-2 
IN-3 
IN-4 
IN-5 
IN-7 
IN-8 
IN-9 
IN-10 
IN-11 
IN-12 
IN-13 
IN-14 
IN-15 
IN-16 
IN-17 


Introduction to Industrial Section 
High-Speed Photography 

Automatic Recording of Instrument Panels 
The Technique of Making Exploded Views 
Photography in the Drawing Office 
Photographic Techniques in Work Study 
Recording Temperature Distribution 
Sulphur Printing of Steel 

Photography of the Macrostructure of Metals 
Metallography 

Contact Microradiography 

Soft X-rays for the Examination of Textiles 
The Radiography of Light Alloys 

Weld Radiography 

Gamma-Radiography 

Photography in the Textile Industry 


See overleaf for associated Data Sheets contained in other sections 
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RF-10 
GN-9 
CN-I 
CN-2 
CN-4 
XR 
SC-| 
SC-3 
SC-4 
SC-5 
SC-7 
SC-10 
SC-I1 
SC-12 
SC-13 
SC-15 
DC-| 
DC-2 
DC-3 
DC-4 
CL-6 
CL-7 
CL-8 
CL-9 
SE-3 
SE-5 
SE-6 
SE-7 
SE-9 


Associated Data Sheets contained in other sections 


The Dimensional Stability of Photographic Films and Plates 
The Kodak Tone-Line Process 

Making Technical Narrow-Gauge Cine Films 

The Use of Narrow-Gauge Cine Films in Industry and Commerce 
16 mm Cine-micrography 

All Radiography Section 

Photo-Elastic Stress Analysis 

Ultra-Violet Photography 

Ultra-Violet Photomicrography 

Photomicrography with a Simple Camera 

Infra-Red Photography 

Autoradiography 

Photomacrography 

Photomicrography : Centring and Adjustment of Apparatus 
Exposure in Photomicrography 

The Photographic Aspects of X-ray Crystallography 
Photographic Copying of Documents 

Stabilization Processing Techniques 

Office Document Copying with ‘Kodak’ Copiers 

Kodak Chemical-Transfer Process 

Exposure in Colour Photography 

Problems in Colour Photography 

Colour Photography by Artificial Light 

Colour Photography and the Human Eye 

‘Kodak’ Scientific Plates 

‘Kodak’ Photographic Materials for Electron Micrography 
‘Kodak’ Photographic Materials for Technical Use 

‘Kodak’ Photographic Plates for Spectrography 

‘Kodak’ Photo-Sensitive Resists in Industry 
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EDUCATIONAL APPLICATIONS 





ED-I Projection for Teaching Purposes. 
ED-2 Photography in the Fine Arts. 


Associated Data Sheets contained in other sections 





GN-3 Making Simple Titles and Diagrams for Films and Film-Strips. 
GN-4 Making Lantern Slides and Film-Strips. 

CN-3 The Splicing and Handling of Sub-Standard Silent Cine-Film. 
CN-5 Data on 16mm ‘Cine-Kodak’ Equipment. 
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PROJECTION FOR TEACHING PURPOSES 


IDEALLY, any room where teaching or technical training is carried out 
should be designed specially, with due regard for the use of blackboard, 
charts, photographs, demonstrations, lantern, episcope, and cine projectors, 
sound and silent. This, however, is rarely achieved in practice and 
methods of projecting may have to be chosen to suit the available room and 
the requirements. The recommendations below are intended as a guide 
and not as hard and fast rules. Further information may be found in the 
British Standard Code of Practice CP412 (1953), “Installation of Optical 
Projection Equipment in Educational Establishments’’. 


Arrangement of the room 


The room must be capable of being at least partially darkened. Some 
light is desirable to enable notes to be taken and discipline to be maintained. 
The amount permissible depends upon the power of the projector, the 
efficiency of the screen, and the angle covered. It should be borne in 
mind that stray light on the screen reduces the clarity of the image out 
of all proportion to the light intensities involved, especially with colour 
films; if the stray light is strongly coloured it will degrade the picture 
considerably more than an equivalent level of white light. Usually it is 


Figure 1. Seats inside the dotted line provide a reasonable view with a matt-white 
screen, the nearest position allowable being twice the screen width from the screen. 
S = screen, P = projector. Black seats have to be moved. 








(a) (0) 
With normal projection, at least six By projecting diagonally, staggered 
seats must be moved. seats provide a better view, and only 


two seats have to be moved. 
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recommended that the level of luminance of the screen due to stray light 
should not exceed 1 per cent of the luminance of the centre of the screen 
(although 2 per cent would be permissible when projecting cartoons or 
line drawings). Projection is always most effective in total darkness. 
In general, it is best to darken the room as fully as possible by means of 
blinds or shutters and then to provide a very low level of illumination by 
means of dim artificial lighting, unless sufficient daylight leaks in to make 
this unnecessary. The projection arrangements should then be such 
that the screen is shaded from direct room illumination and a sufficiently 
bright and contrasty picture is produced for the whole class to see it in 
comfort. If necessary, the screen should be provided with a hood made 
of black opaque material as deep as the width of the screen. 

Ventilation should be considered. Normally projectors will be used 
for short periods only and the blinds can be raised occasionally. However, 
to allow for longer sessions of projection, some sort of ventilation should 
be provided. This may take the form of special extractor fans high up 
in the walls, screens covering open windows, or even an open door with 
a portable screen inside it. 

The positions of the tables or desks may need alteration, if this is pos- 
sible. The conventional arrangement, one behind the other with projec- 
tion down the central aisle (Figure la), is rarely satisfactory unless the 
floor slopes, as in a lecture theatre. However, by projecting diagonally 
across the room everyone can have a clear view and provided there is 
sufficient clear space at the front of the room, only two or three members 
of the class need be moved (Figure 1b). 

The use of projectors will necessarily introduce some flexible electric 
wiring. Where possible, a wall-point should be available close to the 
place where the projector is used. Failing this, the lead should be laid 
in such a way that it cannot easily be tripped over. If it is placed along a 
wall, or anchored under desks, it should be reasonably safe, though an 
overhead route is better still, if practicable. The lead should be fixed to 
the projector stand if possible, and it is advisable to make a break in it, 
close to the stand, by means of a plug and socket which will come apart at 
a sharp tug. This prevents the projector from being pulled off the stand 
or the whole erection from being tipped over. The lead should be of 
sufficiently heavy gauge to eliminate any voltage drop between the point 
and the equipment. Ordinary lighting sockets are rarely rated to supply 
a heavy enough current for a projector and power points incorporating a 
three-pin wiring system, properly earthed, should be used whenever 
possible. 

In projecting sound films, the position of the speaker is important. It 
should be slightly above the level of the heads of the audience, otherwise 
the high frequencies may not be audible to all present. 


Choice of screen 


There are several types of opaque screen, but the beaded and matt- 
white types are most commonly used. Because metallized and lenticular 
screens vary widely in dispersion of image-forming light, rejection of stray 
light, and reflection characteristics, they do not lend themselves to simple 
standard practices. For this reason, this Data Sheet is confined to beaded 
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and matt-white screens. In general, a matt-white screen gives a wide 
angle (about 60°) over which the reflected illumination appears reasonably 
even, while a beaded screen gives a much brighter image over an angle 
of about 40° and practically nothing beyond. For classroom work, a 
matt-white screen is almost certainly the best. In general, a matt-white 
screen should be used wherever illumination is sufficient but where the 
lamp gives a picture of relatively low brightness a beaded screen will 
give more light (over a narrower angle). 


SCREEN 





Figure 2. Suggested arrangements for (a) matt-white screen, 
(b) beaded screen. (W = width of screen) 


A suitable portion of wall, painted matt white with flat paint or oil- 
bound distemper, is adequate, though a properly prepared canvas screen 
stretched on a framework hinged to the wall is better. If a portable 
screen is preferred, various types and sizes can be purchased, many of 
them in very compact and easily erected forms. All such screens must 
be carefully preserved from contamination by dirt, and especially grease, 
and from creases in the surface. Beaded screens are particularly suscep- 
tible to mechanical damage as they have a large number of tiny glass 
beads cemented to the surface. 


It should be noted that a blackboard can be used as a screen for pro- 
jecting line diagrams. This enables additions to be made with chalk to 
the projected picture. Diagrams with clear lines on a black background 
give the best effect on this form of screen. 

The position of the screen relative to the class depends upon the type 
of surface. Figure 2 shows details for matt-white and beaded screens. 
It is desirable for a mask of black paint, velvet, or rough paper to be used 
round the screen, so that the picture appears to be viewed through a 
window. 

The choice of screen shape will depend on the format of the projected 
image, e.g., a rectangular screen would be required for cine-film projection, 
whilst a square screen would be used for the projection of square slides 
or to facilitate the projection of rectangular slides of either horizontal or 
vertical format. In some cases it may be most convenient to possess a 
single screen which is normally of cine format, but which can be extended 
to a square shape when necessary. 


The projector position 

The position of the projector depends upon the focal length of the lens 
used, the size of the screen and the size of the film projected. It should 
be placed as far back as possible and conditions altered to give the smallest 
tolerable picture on the screen. Tables I and II show the picture sizes at 
various projector-screen distances, with different focal lengths of lens, for 
slides and films. 





TABLE | PROJECTION DISTANCE AND PICTURE SIZE 
FOR I6mm AND 8mm FILM 


Focal length || Focal length 










with with Distance from Screen to Projector Lens, in feet 
l6mm film 8mm film 
| inch $ inch 6 2! 
14 inch 2 inch 9 32 
2 inch | inch 12 42 
3 inch I$ inch 18 63 
~Ainch {finch |) 24 84 








27x20 | 40x 30 | 52.40 | 63 « 47 | 80x60 | 96x72 





Picture size (inches) 


The power of the projector lamp selected depends upon the type of 
screen used, the image size, and the amount of general light in the room. 
It is always better to have a brighter picture rather than a dull one. For 
instance, in cine projection, a 500-watt bulb is usually sufficient if an 
efficient optical system is in use but 750 watts would not be too much. 
If an inadequate lamp must be used, the picture should be made corres- 
pondingly smaller—a small, bright picture is always preferable to a large 
dim one, provided sufficient detail can be seen. A 52 x 40 in. screen is 
quite large enough for any normal modern classroom and a 40 x 30 in. 
screen is often sufficient. The screen luminance should ideally be be- 
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TABLE Il PROJECTION DISTANCE AND PICTURE WIDTH 
FOR FILM-STRIPS AND MINIATURE SLIDES 





Focal length || Format* Distance from Screen to Projector Lens, in feet 

2-in. lens a 4 2 Z 

3-in. lens . a a at Pee ol me lp at | Ronee IN ast, [oa 

4-in. lens e i es Boa oe Waleed wl see al sce coe een ee 

5-in. lens A a or 4 ——|—_}-_|—__|___|__ 

6-in. lens . ac oa [ie See eee | eet | ee 
$-in. lens ‘ 1B size Ea neta Lone lial ee le 


Picture width (inches) 18 | 24 30 





* This table shows the distances required, approximately, for the projection of horizontal or vertical 
pictures of various sizes:— 


A Single-frame film-strip (18 x 24mm) with long side horizontal. . . . Actual frame size 17x 23mm 
Double-frame film-strip (24 x 36mm) with short size horizontal . . . Actual frame size 23 x 34mm 
Miniature slide (2 2 in) with short side horizontal. . . 2. . . . Actual frame size 23 x 34mm 

B Double-frame film-strip (24 < 36mm) with long side horizontal . . . Actual frame size 23 x 34mm 
Miniature slide (2x 2 in) with long side horizontal . . . 2. . . Actual frame size 23 x 34mm 


tween 8 and 16 foot-lamberts as viewed from any position inside the 
recommended viewing angle. All screens need about equal incident light 
when viewed from the side, which is the critical position, although on the 
axis the picture will be very much brighter with a beaded screen than 
with a matt-white. For narrow-angle viewing only, the former can be 
used with considerably lower light intensity. 


Back-projection 


Instead of the use of an opaque screen with a projector situated behind 
the audience, a translucent screen can be used, with the projector behind 
it. This offers the advantages of compactness, complete control from the 
teacher’s end, absence of loose wires and a greater brilliance of picture in 
a partially lighted room. On the other hand no screen is available at 
present which can be viewed from an angle of more than about 25° from 
the axis; it is often difficult to arrange a sufficiently long throw from pro- 
jector to screen without having the screen too near the front row of seats ; 
and it is not always easy to avoid lateral reversal of the image. 

The simplest arrangement consists of a sheet of translucent material, 
such as ground glass, with the projector set up behind it to project an image 
of suitable size. Ground glass, being fragile, and heavy in large sheets, 
is better replaced by a plastic sheet material. Materials which are lightly 
matted transmit a great deal of light but do not give an evenly illuminated 
picture; more pronounced matting results in better light distribution but 
lower general transmission. The material has to be stretched quite flat 
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over a framework. Such screens are commercially available, or “‘Koda- 
trace’ Drawing Material can be used (see Data Sheet EQ-5). 

The image is laterally reversed in straight back-projection unless the 
film or slide is reversed in the gate of the projector—which is inconvenient 


(a) ; 
(b) 


(c) 
(a) 


Figure 3. Arrangements for back projection. 


with silent films and impossible with sound films. Optical reversal is 
easily accomplished, however, by means of a mirror or reflecting prism 
over the lens, as shown in Figure 3 (a). This also reduces the straight 
throw needed for a given size of picture. The larger the mirror, the less 
space the screen requires behind it, as in Figure 3 (b). The mirror must 
be carefully chosen—ordinary glass mirror will give a double image and 
is rarely sufficiently flat, though these disadvantages can be minimised by 
keeping the angle of reflection small, as in Figure 3 (d). Specially prepared 
surface-silvered plate-glass mirrors are satisfactory but the further they are 
from the lens the larger they have to be—and their cost rises in proportion 
to their area. Mirrors of polished metal sheet are usually more satis- 
factory as they are unbreakable, more resistant to surface abrasion and 
tarnish, and less liable to distortion if properly constructed. The mirror 
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TABLE III PROJECTION DISTANCE AND PICTURE SIZE 
FOR BACK-PROJECTION OF Il6mm AND 8mm FILM 


Focal length || Focal length 











with with Distance from Screen to Projector Lens, in inches 
l6mm film || 8mm film 
“hinch || | 2 26 36 2 48 52 
15mm if — || 2 | 33 | 45 | so | 6 | 66 | 
20mm _ 35 43 56 63 78 86 
| inch 4 inch 43 53 72 84 96 106 
[pinch 3 inch 64 | ios | 126 | 144 «| 158 
Picture size (inches) 1612 | 20x15 | 27» 20 | 3022 | 36x27 | 40x 30 








should in all cases be placed so that the central ray from the projector is 
directed along a line perpendicular to the screen, or distortion will result. 
Provided this is followed, the position of the projector is immaterial and 
can be decided from a consideration of classroom layout (see Figure 3 


(c) and (d) ). 





PROJECTION DISTANCE AND PICTURE WIDTH 
TABLE IV FOR BACK-PROJECTION OF FILM-STRIPS AND 
MINIATURE SLIDES 


Format (See Table II) Distance from Screen to 3-in. Projector Lens, in feet 
A s 5 7 83 10 i 13 
B 24 + 5 6 7 8 9 


Picture width (inches) 





To save space, the smallest throw must be used behind the screen. For 
this reason, short focus lenses are often employed in the projector, though 
they rarely give quite such good definition at the corners of the picture. 
Table III gives picture sizes for 16mm and 8mm film with different lenses 


at various distances. Table IV provides sufficient data for 35mm still 
projection. It is worth stress- 
ing that a smaller screen size 
can be tolerated with a back- 
projection screen than with 
front projection. The clarity 
PROJECTOR of the image is such that, for 
example, a 27 x 20 in. back- 
projection screen will usually 
give a tolerable picture where 
a52 x 40 in. screen would be 
needed for normal projection. 
Figure 4 Where space is severely 
limited, three mirrors can be 
used, as in Figure 4, though this adds to the expense, makes adjustment 
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more difficult and leads to a reduction in contrast and brilliance of the 
image. 


The technique of projection 

Although modern projectors, both still and cine, are easy to use, they 
must be studied a little if projection is to become a semi-automatic part of 
the lesson instead of a special diversion. The following points should be 
considered to ensure that the use of visual aids in the classroom is smooth 
and straightforward :— 


| Know the projectors and exactly how they are used. Control them 
yourself or, preferably, train a member of your class to use them under 
your direction so that you can concentrate on the teaching. 


2 Set resistances or transformers for the proper supply voltage before 
the lesson starts. 


3 Know the positions of the electric fuses concerned and have spare 
lamps and fuses on hand for each projector. 


4 Know the films, film-strips, slides, and other materials so that the right 
picture is projected at the right time. 


5 See that all projectors are clean and in good order before each lesson, 
and that they are in the proper position, with picture centred on the 
screen and in focus, so that there is no awkward pause in the lesson to 
adjust the equipment. Sound projectors should be warmed up and set 
for correct sound quality and volume. 


6 See that the seating is suitable for projection so that no shuffling is 
needed when the room lights are dimmed. 


7 After the lesson, see that all slides and films are undamaged and clean, 
ready for next time. Clean the gates of cine-projectors with a soft cloth 
and put all equipment away to protect it from dust and mechanical 
damage. It is important that apparatus, slides, films, and screen should 
be kept clean and stored away when not in use. Avoid fingerprints, 
handle slides and films by their edges only. Never cinch film on a reel; 
if it is wound too loosely, re-wind it with light pressure on the film as it 
winds on to the spool. 
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APPENDIX 
BACK-PROJECTION 


Any projector which has been designed for projecting film-strips 
and lantern slides, may be used either for forward projection or for 
back-projection as described on page 7. As back-projection offers 
certain practical advantages, further details are given below of the tech- 
nique of using a projector 
in this way. 

Normally the projector 
should be used with a self- 
contained screen unit which 
will stand in one corner of 
the room so as to project 
diagonally into the body 
of the classroom (Figure 
5). Where space permits, 
it is sometimes possible to 
build the projection screen 
into the wall of the class- 
room alongside the black- 
board (Figure 6) and to 
use part of the space of a 
store-room behind the 
Figure 5 classroom to accommodate 
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Figure 6 


the reflecting mirror. Such a self-contained screen unit should 
preferably be arranged so that the projector is permanently located in a 
position ready for immediate use and therefore requires no further 
adjustment once having been set up. Where it will be used always in the 
same room the back-projection unit can be built on to a table. When it 
is necessary to move the unit from one classroom to another, it can be 
built on to a trolley. 

By using a single mirror to fold the optical path of the projected image 
once, the film-strip or lantern slide can be used in the projector in the 
same way as for ordinary front projection. The projection screen should 
be hooded at both sides and at the top to prevent extraneous light from 
falling directly upon it and so degrading the contrast of the image. Every 
care should be taken to see that no extraneous light whatever reaches the 
screen from the back and, for that reason, the entire optical path of the 
projected beam should be enclosed. 

The choice of screen size is governed by the factors indicated on page 7. 
The largest convenient size is about 22 x 32 in.: each dimension should 
always be at least two inches greater than that of the corresponding 
projected image. The screen itself may consist of two sheets of ‘Koda- 
trace’ tracing material, placed face to face, and bound between glass with 
strong adhesive tape. Such a screen has very good diffusing properties 
and will give reasonably even illumination over an angle of about 30°. 
To minimise localised distortion in the image the mirror used should be 
of plate glass, but it need not be surface-silvered provided that the angle 
of incidence of the projected beam on to it is kept reasonably small. The 
ghost image due to reflections from the front surface of the mirror will 


then be insignificant. 
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Figure 7 


When using a projector fitted with a 3-inch projection lens, and a 
total throw of 6 ft, the mirror (size approximately 12x15 in.) should 
be placed at a distance of about 2 ft 6 in. from the projector and 3 ft 6 in. 
from the screen. At this throw, the 3-inch lens projects an image of 
size 20x 30 in. from a 24x 36mm frame. Under the same conditions, 
the 18x 24mm frame, common to the great majority of film-strips, gives 
an image of size 16x21! in. The screen and mirror should be totally 
enclosed within a pyramidal tunnel. The image sizes for other pro- 
jection distances are given in Table IV. 

The projector can be arranged either beneath the screen so that it 
projects at a slight angle upwards (Figure 7), or it may be more con- 
venient to have the projector at one side so that its beam passes into the 
tunnel through an aperture cut in one of its sides (Figure 8). 

If the back-projection unit is built on to a table of size about 3 ft 6 in. 
by 4 ft 6 in., the screen can be attached firmly to a frame at one end and 
the mirror supported by means of a second frame near the opposite end. 
This mirror frame must be constructed so as to allow the mirror to be 
adjusted by tilting until the image of the gate of the projector is projected 
as an undistorted rectangle on to the screen. When this position has 
been found the mirror must be locked in place, sufficiently rigidly to 
prevent vibration of the image on the screen, for instance when changing 
from one frame to the next on a film-strip. 

As it will be necessary to have access to the mirror and to the back of 
the screen for cleaning, the tunnel which covers them should be made 
detachable. Suitable materials for construction are heavy cardboard or 
thin plywood supported on a light wooden framework; the cover can be 
removed in one piece when required. 
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SCREEN 





Figure 8 


As mentioned above, the screen should be protected from extraneous 
light. This can best be achieved by fitting hinged flaps to the two sides 
and to the top of the screen. These will fold down over the screen when 
not in use and give some physical protection as well as prevent dust from 
settling on the screen. 

The projector should be made removable from the assembly for storing 
and to prevent its being meddled with. The projector stand should be 
made so as to ensure that the projector can be replaced exactly in its 
correct position before use, for example, by providing four correctly 
spaced recesses to take the feet. 
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COLOUR-SEPARATION NEGATIVES FOR 
COLOUR-PRINT PROCESSES 


IN many systems of making colour prints on paper, it is first necessary to 
make separation negatives of the subject through red, green and blue filters. 
In the subsequent processes of printing, suitably coloured positive images 
made from the three separation negatives are superimposed in register on a 
paper support to give the final colour print. 

Separation negatives may be made directly from a still-life subject by 
using a conventional camera and exposing three panchromatic plates 
or films separately through ‘Wratten’ red, green, and blue tri-colour filters, 
or in other circumstances by using a “one-shot” camera to expose the three 
plates or films simultaneously. Separation negatives may also be made 
indirectly by copying a colour transparency. 

The steps in making direct-separation and indirect-separation negatives 
are outlined in the following pages. There are, however, certain funda- 
mental considerations which apply to the making of all separation negatives, 
and the worker making colour prints should study and understand these 
before commencing to make separation negatives. 

The exposure and development times quoted in this Data Sheet should 
be taken only as a guide; they must be confirmed by practical trial. 


Lenses 


It is essential for a lens which is used in making colour-separation 
negatives, directly or indirectly, or when exposing colour transparencies, 
to be fully colour-corrected, in order that the three images may register 
perfectly. Kodak ‘Ektar’ lenses are corrected for lateral colour aberration 
and the 2-inch, 3-inch and 4-inch lenses supplied with the ‘Kodak’ 
Precision Enlarger are highly suitable for colour-separation work. To 
test a camera lens for colour correction, make separation negatives of some 
register marks or white threads stretched across a black background. The 
register marks or cross threads should be arranged so that they are recorded 
in the corners and centre of the plate. Use gelatine tri-colour filters over 
the lens and expose each plate in the same dark-slide. The lens is 
adequately corrected if a contact positive made from the red-filter negative 
registers exactly with the green-filter and blue-filter negatives. 

To test enlarging lenses, use a scribed plate in the negative carrier and 
make the separation negatives by projection. 


Lighting and exposure 

When lighting the subject from which the colour print is to be made, 
several points should be observed carefully, whether direct separation 
negatives or colour transparencies are to be exposed. The lamps should 
be of the same colour quality, i.e., have the same colour temperature, and 
this can best be assured by using lamps which burn at a specified colour 
temperature when run at their rated voltage. Care should be taken to see 
that all the reflectors are of matt metal finish, or if painted white, that they 
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are not in any way discoloured. The most satisfactory method of checking 
the colour temperature of the light-sources is to use a colour temperature 
meter. A less accurate method, but one that will give a good guide, is to 
hinge together two large pieces of identical white card and stand them on 
edge so that the hinge is towards the observer with the cards at right angles. 
Place the two lamps to be compared so that each illuminates one piece of 
card only, and adjust their position until the same reading is obtained on 
an exposure meter from each side. Then, by viewing from the front, 
differences above 100°K can be detected after a little experience. As 
long as no difference is perceptible under this test the lamps may be used 
together. 

The lighting used for colour photography should be kept very soft: 
except for occasional special effects, the lighting contrast should not exceed 
3:1, i.e., there should not be more than three times as much light on the 
highlight side of the subject as there is on the shadow side. Remember 
that colour contrast is as effective in colour photography as lighting contrast 
in black-and-white photography. 

Generally the lighting should be even over the whole of the subject area, 
and care should be taken to see that the intensity of the light on the back- 
ground is of the same order as that on the main part of the subject. 

Further information may be obtained from Data Sheets CL-6 and CL-7. 

As regards exposure, transparencies which are to be used for reproduc- 
tion are best under-exposed by about half a stop, whereas separation 
negatives should be exposed so as to avoid any loss of quality in the high- 
lights or shadows. 


Grey-scale record and negative identification 


If good colour prints are to be obtained, it is most important that the 
separation negatives match each other exactly for density and contrast. 
The balance of the separation negatives, i.e., their density and contrast, is 
controlled by exposure and development and can be checked accurately 
only by including a grey-scale (or step-wedge) image on each negative. 
When the three separation negatives are properly balanced, corresponding 
steps on the grey-scale image will show equal densities in all three negatives. 

Two types of grey-scale are available. One, printed on paper, is 
included in the ‘Kodak’ Colour-Separation Guide (supplied in 9-inch size) 
and should be placed at the margin of the subject so that it will be recorded 
alongside one edge of the negatives. The grey-scale should receive the 
same amount of light as the most important part of the subject. The 
second type of grey-scale is a transparent step-wedge made on film. Its 
special use is in making indirect separation negatives from ‘Ektachrome’ 
and ‘Kodachrome’ transparencies. It is mounted alongside the trans- 
parency and both are copied together on to the same plates. Suitable 
transparent step-wedges can be supplied as ‘Kodak’ Density Strips in the 
following overall sizes :— 


‘Kodak’ No. 2 Density Strip: 1 x53 in. 
‘Kodak’ No. 3 Density Strip: 14 9% in. 


Further details are given in Data Sheet FT-2. 
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Included on the ‘Kodak’ Colour-Separation Guide and the above 
Density Strips are colour patches which make the identification of the 
separation negatives a very simple matter. With sheet-film material 
identification may be simplified by cutting one corner off the film for the 
red-filter negative, two corners for the green and three for the blue. If 
developing hangers are used, the top bar can be notched for easy identifi- 
cation in the dark. 

The densities of the grey-scale images recorded on the negatives should 
be measured accurately with a densitometer such as the ‘Kodak’ Colour 
Densitometer, Model 1, which gives a direct reading from a calibrated scale. 

If a grey-scale image is not included in the negative, the highlight density 
can be measured from the image of a neutral white or light grey object 
and the shadow density from a black object or deep shadow. The specular 
highlights obtained on metals, china and glass should be avoided when 
determining highlight densities. 


Materials for colour-separation negatives 


‘Kodak’ P.600 Colour-Separation plates are ideally suited for making 
colour separation negatives because the straight-line portion of their 
characteristic curve is exceptionally long. From this point of view ‘Super- 
XX’ sheet films are very suitable, but generally plates are to be preferred to 
film as being rigid and not subject to distortion. If film is used, every care 
must be taken to see that the films are washed for the same time, and dried 
under the same humidity and temperature conditions with all three sus- 
pended by the corresponding corner. Moreover, film should never be 
subjected to excessive heat or changes of humidity after drying. When the 
films are printed in an enlarger the lamp-house must be well ventilated and 
the films should each be left in the enlarger for the same time—sufficient 
for them to warm up—before making the printing exposure. With plates, 
the emulsion coating at the edge is not always even and the important 
image area should be arranged at least a quarter-inch from each edge. 

Further details concerning these sensitized materials may be found in 
their respective Data Sheets—PL-26 and FM-37. 


Processing 

When processing separation negatives, the utmost care must be taken 
to see that conditions are rigidly controlled to ensure uniformly satis- 
factory results. Negatives may be developed in a dish or a tank, but 
dish development is preferred. The developer should be accurately pre- 
pared and used at the specified standard temperature. After being used 
once, developer in a dish should be discarded, and developer in a tank 
replenished according to the instructions given on pages 5 and 15. 

With dish development, the most satisfactory results will be obtained 
if the negatives are developed in separate dishes one size larger than the 
material to be processed; but, since the degree of agitation seriously 
affects the rate of development and the density of the negatives, every 
effort must be made to see that the agitation is identical. This is best 
accomplished by making a simple hand-operated rocker to take three 
dishes. The rocker should consist of a flat board surface or arrangement 
of slats to take the three dishes: to the base are fixed two curved blocks 
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Approximate dimen- 
sions for dish rocker 














or bowed slats set at right angles to each other, as shown in the diagram 
overleaf. The dishes should be placed on the rocker and filled with water 
at such a temperature as to adjust their temperatures to 68°F (20°C). A 
sufficient quantity of developer should be diluted and brought to the same 
temperature. The three dishes are then emptied, an equal quantity of 
developer quickly poured into each, and the temperature of each checked to 
ensure that it is 68°F. The amount of developer used for each plate or 
film should be constant for every set of negatives; 200 cc (7 oz) is 
sufficient for a half-plate developed in a whole-plate dish, and 400 cc 
(14 oz) for a whole-plate in an 8x 10 in. dish. Throughout the develop- 
ment, the rocker with its three dishes must be kept agitated with an out-of- 
phase motion, to prevent setting up any uniform currents. The rate of 
agitation must be the same during the whole of the development, and 
every effort must be made to ensure that the same agitation is given for each 
set of negatives. When the negatives are made on the smaller sizes of 
plates, they may be processed together in a large dish. The dish should 
be placed in a larger dish of water to maintain the temperature of the 
developer at 68°F (20°C). The dish should be agitated in all directions 
to prevent the setting up of uniform currents. Care must, of course, be 
taken to see that the water does not get into the developing dish. 

With tank development, considerable care must be taken to ensure even 
development, and it may sometimes be necessary to experiment with the 
actual tanks available, in order to find the most suitable routine of agitation. 
Very successful results will be obtained by using the ‘Kodak’ No. 3 
Processing Tank Assembly and the ‘Kodak’ No. 3 Plate Processing Rack, 
when the instructions for agitation given below are followed. It is most 
important that the plates are set a half-inch or more apart in the racks, 
with the emulsion facing the same direction and with the corresponding 
edge of the picture uppermost. The rack is lowered into the developer, 
given two complete up-and-down movements and thereafter slowly raised 
two or three inches and slowly lowered, the whole operation taking 
5 seconds; after a pause in the agitation for 5 seconds, the slow raising and 
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lowering of the rack, with the intermittent pauses, is continued throughout 
the development. 

D-61a ‘Kodak’ Negative Developer is suitable for either dish or tank 
development. When used in the tank specified it should be replenished 
with D-61aR ‘Kodak’ Replenisher; add 40 cc (1 fl. oz 200 minims) after 
processing each 6 half-plates or 3 whole-plates. 

Development is followed by a stop bath (formula SB-1), fixing (formula 
F-54a) and washing, after which the plates may be bathed in the rinse bath 
(see Appendix) to aid even drying. 

The three plates may be dried naturally or in a drying cabinet, but it is 
pet that the three plates be orientated in the same direction during 

rying. 


SEPARATION NEGATIVES DIRECT FROM THE SUBJECT 


Direct separation negatives may be made from appropriate subjects by 
three different means :— 


| An ordinary camera may be used on a rigid tripod and the three nega- 
tives made one after another through the appropriate filters. It is 
important that the movements of the camera be firmly locked to prevent 
any displacement during or between exposures, and that the various dark- 
slides hold sensitive material in exactly the same plane. Dark-slides may 
be tested for register, adapting the method described for testing lenses; 
if matching dark-slides cannot be found, one slide must be used for all 
three negatives, the sensitive material being changed for each exposure. 


2 A repeating-back may be fitted to a suitable stand camera. With this 
apparatus three panchromatic plates or films are held in a single slide 
behind filters of the same size as the negative material. A repeating-back, 
which may be operated either manually or automatically, allows the three 
negatives to be taken in rapid succession. 


3 A “one-shot ” camera may be used. Cameras of this type have an 
optical system which splits the beam of light coming through the lens and 
divides it between three plates or films, in front of which are the appro- 
priate separation filters. 

Direct separation negatives are made through Kodak ‘Wratten’ tri-colour 
filters—red No. 25, green No. 58, and deep blue No. 47B. Typical filter 
factors and development times are given in the following tables; this 
information is based on average conditions and should be checked by trial, 
and filter factors or development times modified as necessary to produce 
matching grey-scale images in the separation negatives. 

The exposure and development times should be adjusted to give 
negatives with a minimum density in the shadow areas (or the lightest step 
of the grey-scale) of between 0-3 and 0-4, and a density range suitable for 
the particular print process used. With the Kodak Dye Transfer process, 
the density range should not be less than 1-0 nor greater than 1:8; but a 
minimum density range of 1:2 is recommended when cold-cathode 
illumination is to be used. 
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The density range of a negative is the difference between the densities 
of the darkest and the lightest areas: these densities should be determined 
with a densitometer. The difference in density range between the nega- 
tives of a set should not be greater than 0-1, as measured either on the 
grey-scale image or on parts of the subject which are neutral in colour. 


Filter Ratio*® Dish Development Timet 
D-6la (1 +3) 
Material and —=— ah a se 68°F (20°C) 
Lighting 


58 


P.600 plate 


Tungsten 2-0 21 . flex . 
Daylight 1-0 0-3 f | 3-4 min | 3-4 min 33-5 min 





* These are average figures; more accurate values are printed on each box of P.600 plates. 
+ With continuous agitation; for tank development with intermittent agitation the times should be 
increased by 25 per cent. 


Filter Factor Dish Development Time * 


; Se Se D-6la (1 +1) 
Material and 
Lighting 68°F (20°C) 


‘Super-XX’ sheet film 
Tungsten 
Daylight 


6 min | 7$ min 





* With continuous agitation. 


SEPARATION NEGATIVES FROM COLOUR TRANSPARENCIES 


Separation negatives are best made by contact printing from sheet-film 
and roll-film transparencies, and by projection from 35 mm and size 
828 transparencies. The equipment for exposing the separation negatives 
from sheet-film transparencies consists of a light-source over which the 
separation filters may be placed, and a good printing frame with a strong 
spring back; if it is proposed to make negatives from 35 mm and size 828 
transparencies, a suitable miniature enlarger such as the ‘Kodak’ Precision 
Enlarger will be required. 

A ‘Kodak’ Beehive Safelight Lamp mounted on its stand makes a suit- 
able lamphouse for contact-printing. A 60-watt bulb should be used in it 
and the normal safelight screen should be replaced with an opaque mask 
with a cut-out aperture suitable for carrying a sheet of flashed opal and the 
various filters used in the separation of transparencies. It will be found 
convenient to mask the filter apertures to different sizes in order to com- 
pensate roughly for the filter factors and to enable exposures of approxi- 
mately equal duration to be given for each negative. If this lamp-house 
is used 3 ft from the printing frame, exposures will be of reasonable length. 
Exposures should not be much shorter than 20 seconds or they become 
difficult to control with any accuracy. 
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The transparencies from which the best colour prints can be made are 
those which are slightly under-exposed (i.e., a little heavy for projec- 
tion) and critically sharp. Transparencies which when placed on a sheet 
of white paper make a recognisable, if contrasty, colour print are not 
suitable for reproduction. 

To copy transparency originals successfully, retaining all the gradation 
of tone whilst compressing the overall brightness, it is first necessary to 
reduce the overall contrast by means of either one or two “‘contrast masks” 
—unsharp, black-and-white negative masks of low contrast. Such 
masks are made by contact from the original on to a P.600 plate exposed to 
a light-source covered by, for example, the red filter. The red filter ensures 
that density is recorded behind the whites, reds and yellows, thus brighten- 
ing relatively the blue and green areas, which are usually reproduced too 
dark. The unsharpness is obtained by interposing a clear celluloid spacer 
of 0-005 in. clear film base between the support side of the transparency 
and the emulsion of the plate during the exposure. The diffuseness of the 
mask facilitates registration between mask and transparency, because the 
need for precise registration is obviated; and at the same time it increases 
the effective definition. 

The making of separation negatives should be undertaken with the aid of 
a densitometer, reading from 0-0 to approximately 3-0. 


Procedure from sheet or roll ‘Ektachrome’ originals 


Contrast Masks : With ‘Ektachrome’ originals, it is recommended that two 
masks be made—one through a Kodak ‘Wratten’ No. 29 deep red filter 
and one through a Kodak ‘Wratten’ No. 61 deep green filter. The steps 
for making these masks are as follows :— 


| Clean the transparency by gently polishing with a soft chamois leather. 
Slightly moistening the leather with ‘Kodak’ Cine-Film Cleaning Fluid, or 
with pure carbon tetrachloride, will assist in the removal of the more 
obstinate marks. 


2 With a densitometer measure the brightest highlight and the deepest 
shadow in which it is desired to record detail in the finished print, and note 
the nearest corresponding densities on a transparent step-wedge such as 
the ‘Kodak’ No. 2 Density Strip. (In this operation specular highlights 
should be ignored.) Mount the transparency and step-wedge, emulsion- 
side down, on a sheet of glass from the printing frame, securing both in 
position with thin, adhesive, transparent tape. The transparency and 
wedge should be masked with black adhesive paper stuck to the front of 
the glass to prevent extraneous light spreading into the picture area. The 
steps on the Density Strip which extend beyond the highlight and shadow 
densities of the transparency may conveniently be masked off at this stage. 
Mount over the transparency and wedge a sheet of 0-005 in. clear film base 
to act as a spacer when making the unsharp contrast mask (‘Kodak’ 
Matrix film with the emulsion washed off is quite suitable for this purpose). 
3 Two contrast masks are made, both on P.600 plates. The exposures are 
made to a light-source screened in one case with a Kodak ‘Wratten’ No. 29 
deep red filter and in the other, with a Kodak ‘Wratten’ No. 61 deep green 
filter. In each case the exposure should be adjusted to give a minimum 
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density of between 0-15 and 0-20 in the image of the darkest step of the grey- 
scale which corresponds to the deepest shadow of the transparency. Dish- 
develop the plate for 2} minutes at 68°F (20°C) in ‘Kodak’ Soft-Grada- 
tion developer, diluted 14-5. This development time gives a gamma of 
about 0-4 and the resulting density range will therefore be about 30 per 
cent of the density range of the transparency. 


Kodak ‘Wratten’ Filter Filter Approximate 
for Contrast Mask Aperture* Exposure 


No. 29 (deep red) I in. square 30 seconds 
No. 61 (deep green) 23 in. square 30 seconds 





*An aperture in an opaque mask mounted in a ‘Kodak’ Beehive Safelight 
Lamp with a 60-watt bulb—as specified on page 6. 


Separation Negatives by Contact: For making the red-filter and green- 
filter separations, the ‘Ektachrome’ original is combined with the mask 
made through the red filter; and for making the blue-filter separation, the 
transparency is removed from the first mask and registered with the mask 
made through the green filter. 

After processing and drying the masks, register the transparency and 
wedge with each one in turn, omitting the celluloid spacer. Use thin 
adhesive tape along each edge to secure the original in position. Avoid 
double thicknesses of tape. Again mask the transparency and wedge with 
black adhesive paper stuck to the glass side of the contrast mask. 

The exposures for making the separation negatives are made through 
the prescribed red, green and blue filters masked to the apertures indicated 
in the table below. The exposure and development should be adjusted to 
give negatives with a density range suitable for the particular printing 
process. The exposure should be such that the density of the shadow 
areas is not less than 0:3 and not greater than 0-4. The ‘Kodak’ Dye 
Transfer process for making colour prints on paper can accommodate 
negatives with density ranges of between 1-0 and 1-8: hence when copy- 
ing transparencies it is not necessary to adjust the development time for 
each set of negatives, and only the exposure requires altering to produce 
the correct minimum density. It is therefore possible to determine the 
exposure required, with fair accuracy, from the shadow density of the 
transparency. Instructions for preparing a simple chart for this purpose 
are given in the Appendix. 


Development Time 
Kodak D-6la (1+1) 


‘ , Filter ° °, 
wratten Aperture* Exposure 68°F (20°C) 


Separation 
Negative 


Dish Tank 


100 
seconds 


4 min 5 min 
5 min 6§ min 


Green-filter. . . 61 24 in. square 
Blue-filter . . . 47B 12 in. square 


Red-filter . 2. 29 IZ in. square reo. { 34 min 44 min 





* An aperture in an opaque mask mounted in a ‘Kodak’ Beehive Safelight Lamp with a 60-watt bulb 
—as specified on page 6. 
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Work extremely carefully to ensure that the differences in density range 
between the negatives of a set are not greater than 0-1. 

The red-filter mask is bound up with the transparency while making 
the red-filter and green-filter negatives, and the green-filter mask is 
bound up with the transparency while the blue-filter negative is made. 


Procedure from 35 mm or size 828 ‘Kodachrome’ or ‘Ektachrome’ 
originals 


Contrast Mask: The steps in making the contrast mask from 35 mm or 
size 828 ‘Kodachrome’ or ‘Ektachrome’ transparencies are: 


| Clean the transparency by gently polishing with a soft chamois 
leather. Slightly moistening the leather with ‘Kodak’ Cine-Film Clean- 
ing Fluid or with pure carbon tetrachloride will assist in the removal of the 
more obstinate marks. 


2 Mount the transparency on a ‘Kodak’ Marginal Mask Outfit. 


3 With a densitometer, measure the brightest highlight and the deepest 
shadow in which it is desired to record detail in the finished print, and 
note the nearest corresponding densities on the transparent step-wedge. 
(In this operation specular highlights should be ignored.) Steps at either 
end of the wedge should then be masked off, if necessary, so that the 
densities left on the wedge correspond as nearly as possible with the 
highlight and shadow densities of the transparency. Mount over the 
transparency and wedge a sheet of 0-005 in. clear film base to act as a 
spacer when making the unsharp contrast mask (‘Kodak’ Matrix film with 
the emulsion washed off is quite suitable for this purpose). This assembly 
is now ready for the making of the contrast mask. 


4 The contrast mask is made on a P.600 plate, making the exposure 
through a Kodak ‘Wratten’ No. 33 medium magenta filter—see table 
below. The exposure should be adjusted to give a minimum density of 
between 0-15 and 0-20 for the darkest step of the grey-scale, which corres- 
ponds to the deepest shadow of the transparency. Dish-develop the plate 
for 2} minutes at 68°F (20°C) in Soft-Gradation developer, diluted 1-|-5. 
This developer time gives a gamma of about 0-3 and the resulting density 
range will therefore be about 30 per cent of the density range of the 
transparency. 


Kodak ‘Wratten’ Filter Filter Approximate 
for Contrast Mask Aperture* Exposure 


No. 33 2 in. square 20 seconds 





*An aperture in an opaque mask mounted in a ‘Kodak’ Beehive Safelight 
Lamp with a 60-watt bulb—as specified on page 6. 


Separation Negatives by Projection: The contrast mask, which has been 
made from the miniature transparency, is registered with the transparency 
without removing this from the Marginal Mask Outfit, and the two are 
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moved about until the image areas of the two plates coincide. The register 
should be checked with a magnifying glass. The two plates are held in 
position with three small bulldog clips while the fourth side is bound 
together with paper tape. Proceed to bind all three remaining sides, using 
the clips to hold the plates in position while this is being done. When 
binding is completed, check that the register has been maintained. The 
contrast mask is left in position for all three separations. 


Place the mask and transparency in the negative carrier, and make the 
negatives by projection on to P.600 plates through clean, flat Kodak 
‘Wratten’ gelatine filters which have been mounted close to the lens. For 
the ‘Kodak’ Precision Enlarger, a special light-tight carrier, the Colour 
Transparency Carrier, is available for holding the Marginal Mask Outfit 
and contrast mask, and the separation filters are mounted so that they 
slide easily in position immediately behind the lens. 


With a filter in position, focus the transparency on to a plate which is 
the same thickness as that on which the negatives are to be made. If the 
transparency is dense use a clear gelatine or light-coloured filter in place 
of the ‘Wratten’ tri-colour filter. On no account vary the aperture to 
control the exposure time for the different negatives of the set, because 
this generally results in a slight change of image size and the negatives will 
not fit. 


The filters used are Kodak ‘Wratten’ tri-colour filters—deep red No. 29, 
deep green No. 61 and deep blue No. 47B. Since the exposure conditions 
for suitable miniature enlargers vary considerably, it is not possible to specify 
average exposure conditions, but with the ‘Kodak’ Precision Enlarger set 
at a 3-diameter enlargement, the approximate exposures and development 
times for an average transparency are :— 


Development Time 
Kodak D-$la (I+1) 
‘Wratten’ 68°F (20°C) 
Filter 


Separation 


Negative Aperture Exposure 


Dish Tank 





Green-filter . . . 6l 
Blue-filter. . . . 47B 


150 34 min | 44 min 
seconds (| 44 min 5 min 


Red-filter. 2... 29 } approx. 3. min 32 min 
f/8 i 
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APPENDIX 


EXPOSURE CHARTS FOR MAKING SEPARATION 
NEGATIVES FROM ‘EKTACHROME’ AND 
‘KODACHROME’ TRANSPARENCIES 


Where greater accuracy than is usually employed in black-and-white 
photography is required, the application of a little elementary sensitometry 
will enable an operator to produce work of a consistently high standard 
with a minimum waste of material, time and effort. The making of well- 
balanced separation negatives from colour transparencies requires con- 
siderable skill and practice and, since the densities of the highlight and 
shadow areas may vary considerably from transparency to transparency, 
the operator with no knowledge of sensitometry can achieve the high 
standard required only by trial and error: this generally means making 
several trial strips to ascertain the correct exposure and development times 
for each new set of negatives. 


The Kodak Dye Transfer process allows considerable latitude in the 
density range of the separation negatives; and it is therefore possible to 
determine once for all the development times for the separation negatives 
and to adhere to these times so long as the particular batch of photographic 
material for which they were calculated remains in use. The exposure 
charts and instructions set out below will enable an operator without any 
previous knowledge of sensitometry to produce sets of separation negatives 
from transparencies with confidence that they will be properly matched. 
Operators who are making several sets of negatives a week, as well as those 
who make only an occasional set, will find these charts are both simple and 
worth-while to prepare. The only conditions that must be fulfilled are 
to work carefully using a densitometer which will read densities from 
0-3-0 and to control accurately the conditions affecting development and 
exposure. Development of the separation negatives is best controlled by 
tank processing, where a standard agitation procedure is adopted and 
the developer is properly replenished. The temperature of the solutions 
can be adjusted by placing in the tank a vessel containing hot or cold water. 
Where the voltage supply is reasonably stable, the exposures are best 
controlled by seeing that they are of not less than 30 seconds’ duration. 
An error of $-second in this exposure time is only 1-6 per cent., whereas 
a 3-second error in 5 seconds is 10 per cent. If the voltage fluctuates, 
some type of voltage control should be installed. 


To prepare exposure chart for contrast mask 

| Mount a ‘Kodak’ No. 2 Density Strip, emulsion-side down, on the 
glass sheet of a printing frame and mask it with black tape to prevent 
extraneous light spreading over the wedge area during exposure. Cover 
with a clear celluloid spacer of 0-005 in. thickness. 

2 Place a P.600 plate over the wedge and give an exposure of, say, 
50 seconds under the conditions recommended on page 6. Process as 
described on page 7. If the conditions of working are not the same as 
those described on page 6, then 50 seconds’ exposure may not be correct 
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and the exposure time and/or lamp, or lamp to printing frame distance, 
must be adjusted until a low-contrast negative, as described in the next 
step, is obtained. 


3 Mark out ona sheet of graph paper vertical and horizontal scales exactly 
as shown in Graph 1. When the test strip is dry, find on it the step which 
has a density of about 0-17 (intermediate between the 0-15 and 0-20 
specified on pages 7 and 9) and note the density of the corresponding 
step on the No. 2 Density Strip: this density will be referred to as D. In 
the example, density D is 2-95. 


4 Opposite the density D on the vertical scale of the graph and directly 
above 50 seconds (or the exposure given) on the horizontal scale indicating 
exposure time, plot a point A. 
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5 Now from the density D subtract 0-3, and opposite this total density 
plot a second point B, immediately above the exposure time in seconds 
arrived at by halving the exposure given to the test wedge. For the 
example given in Graph 1 this is 25 seconds. 

Alternatively, if more convenient, add 0-3 to the density D, and opposite 
this figure plot the point B immediately above the time arrived at by 
doubling the original test exposure. 


6 The two points A and B are joined by a straight line (of 45°) which is 
extended in both directions, and the chart is complete. 

To use the chart, read the density of the deepest shadow area of the 
transparency in which detail is required in the finished colour print. The 
exposure required is found by reading from the maximum shadow density 
on the vertical scale to the time in seconds on the horizontal scale. For 
example, following the dotted line in Graph 1:— 


Maximum density of transparency (shadow area) = 2°8 
therefore exposure for contrast mask = 36 seconds 

When a new batch of plates is used for making the contrast masks or 
when the light-source is changed, the exposure chart must be checked and, 
if necessary, modified by the operator. 

The test described here must be carried out for each different contrast- 
mask filter, but for convenience the exposures through the different filters 
can be made in different positions on the same plate as long as precautions 
are taken to note the filter through which each negative was made. Simi- 
larly the lines for the two contrast masks may be plotted on the same graph 
as long as they are appropriately identified. 


To prepare exposure chart for separation negatives made by contact 


| When preparing the exposure chart for making separation negatives 
from ‘Ektachrome’ transparencies, select on a ‘Kodak’ No. 2 Density 
Strip two steps, one with a density of about 3-0 and the other with a 
density of about 0-5. This will represent the greatest density difference 
likely to be encountered in an ‘Ektachrome’ transparency. 


2 Mount the wedge on a glass sheet from a printing frame, mask it with 
black tape and make a contrast mask giving the exposure indicated by the 
exposure chart already prepared. Process and dry the contrast mask and 
register it with the wedge. 
3 Expose a P.600 plate, behind the combination of wedge and contrast 
mask, to light filtered by the ‘Wratten’ No. 29 filter. Find by experi- 
ment the exposure and development time necessary to make a negative 
copy of the wedge which has a minimum density of 0-4 and an overall 
density range of 1:5-1-6. The approximate exposures and development 
times for ‘Ektachrome’ transparencies, using a standard light source and 
filter apertures, are indicated on pages 7 and 8. 

If the wedge is properly masked off, a number of test exposures may be 
made on one plate. 
4 By trial and error find the exposure and development times necessary 
to reproduce identical wedges exposed to light filtered by ‘Wratten’ No. 
61 and No. 47B filters. 


13 CL-| 


5 When the matched wedges have been obtained, prepare on a sheet of 
graph paper vertical (density) and horizontal (exposure) scales exactly as 
in Graph 2. Above the exposure times given for each filter, and opposite 
the sum of the maximum density selected on the wedge (i.e., 3-0) and the 
density of the corresponding step on the mask (i.e., a density of between 
0-15 and 0-20), plot three points R, G and B for the red, green and blue 
filter strips respectively. 

6 Follow the procedure described in steps 5 and 6 (page 13), under the 
heading of “‘To Prepare Exposure Chart for Contrast Mask’, for each of 
the points plotted. 

To use the graph, mark off on the vertical scale the density representing 
the sum of the maximum density of the transparency and the corresponding 
minimum density of the contrast mask and read off, on the horizontal scale, 
the appropriate exposure for each filter. 

The example shown in Graph 2 is for an ‘Ektachrome’ transparency 
with a maximum density of 2-8 plus a contrast mask density of 0-17, giving 
a total density of 2-97. The exposures indicated are red filter, 584 seconds; 
green filter, 524 seconds; and blue filter, 70 seconds. 

The development times remain constant for the same batch of plates 
although, when the developer is in constant use, it may be found that all 
the negatives are a little too flat or too contrasty; in that event the develop- 
ment times will require to be adjusted accordingly. 


To prepare exposure chart for separation negatives made by projection 


The procedure for preparing this chart is similar to that used for the 
previous one. The chart will normally be used for miniature ‘Koda- 
chrome’ or ‘Ektachrome’ transparencies which will be mounted on a 
Marginal Mask Outfit in which the step wedge is incorporated (see page 9). 
When separation negatives are made by projection, allowance has to be 
made for the filter factors by adjusting the length of the exposure, and 
not the size of the light-source aperture. This necessitates the use of a 
more compressed scale for the exposure time. Therefore instead of the 
exposure time intervals of 10, 123, 16, 20, 25, 32, 40, 50, 63, 80, 100, 125, 
160 and 200 seconds given in Graph 2 mark the following exposure times 
at the same intervals 10, 16, 25, 40, 63, 100, 160, 250, 400, 630, 1,000 
and 1,600 seconds. 
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FORMULAE 


D-6la Developer—‘Elon’-Hydroquinone 


Metric Stock Solution Avoirdupois 

3-1 grammes ‘Elon’. 110 grains 
90-0 grammes Sodium sulphite (anhyd. y: 7 ounces 90 grains 
2-1 grammes Sodium bisulphite . . . 74 grains 
5-9 grammes Hydroquinone . 210 grains 
11-5 grammes Sodium carbonate (anhyd. ) 405 grains 

|-7 grammes Potassium bromide. : 60 grains 

1000 cc... Water to make . Sos . 80 fl. oz 


D-6la ‘Kodak’ Negative Developer Powder is available as a ‘Kodak’ Packed 
Developer Powder. 


D-6laR Replenisher for D.61a Developer 


Metric Stock Solution A Avoirdupois 

5-9 grammes . ‘Elon’ 65% 33 grains 

180-0 grammes . Sodium sulphite (anhyd. i” ‘ 2 ounces 175 grains 

3-8 grammes . Sodium bisulphite . . . . 22 grains 

1-9 grammes . Hydroquinone . i,% 70 grains 

3-1 grammes . Potassium bromide 18 grains 
6000 cc be . Waterto make . . 80 fl. oz 

Stock Solution B 

240 grammes . . Sodium carbonate anid ) . . . 9 ounces 260 grains 

2000 cc oe Water to make . . » . . . 80 fl.oz 


For use, take 3 pares Solution A and | part Solutio B, and add to the tank of 
developer as specified to maintain the level of the solution (up toa maximum amount 
equal to the total volume of the original developer). Do not mix the solutions until 
ready for use. 

The D-6laR Replenisher is available as a ‘Kodak’ Packed Chemical, in units to make 
| gallon. 


SB-1 Stop Bath 


Metric Avoirdupois 
1000 cc Water . 80 fl. oz 
17 cc Acetic acid (glacial) . | fl.oz 120 minims 


F-54a Acid Hardening-Fixing Bath 


Metric Avoirdupois 
500 cc . . . . Warm water. . - 40 fl.oz 
400 grammes . . Sodium thiosulphate (hypo cryst. ). 32 ounces 
To this, when cold, add : 
75 cc . . . . ‘Kodak’ Liquid Hardener. . . 6 fl. oz 
(185 cc) . . . . (or Acid Hardener Stock Solution 
Formula F.53) . . . . . . (15 fl.oz) 
Finally make up to total volume : 
1000 cc . . . . Water to make 80 fl. oz 


Rinse Bath 


Metric Avoirdupois 
40 cc . Kodak ‘Photo-Flo’ solution (work- 
ing erent) eet ae ~ 2 flsoz 
20 cc Formalin . . 3. iad jar als. abi I fl. oz 
2000 cc Water cc a ay ee ony . 100 fl.oz 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODACHROME 
EKTACHROME 
PHOTO-FLO 
SUPER-XX 
EKTAR 


Kodak Data Sheet KODAK LIMITED LONDON 
CL-! 


TP313WPI160 


KODAK DYE TRANSFER PROCESS 





THIs process, a summary of which follows, is designed to produce three- 
colour prints on paper from three colour-separation negatives by an 
imbibition method of colour printing. The equipment required is not 
elaborate and few additional items are needed beyond those found normally 
in a well-equipped photographic workroom. 


The colour-separation negatives may be produced either directly from 
the subject, or from colour transparencies. The negatives are then 
printed, either by contact or projection, on to ‘Kodak’ Matrix Film (‘Estar’ 
Thick Base), to produce positives. The Matrix film consists of a thin 
transparent film support on one side of which is coated a yellow-dyed 
silver-halide emulsion soluble in hot water. After exposure, which is 
given through the base of the material, the three films are developed in 
a tanning developer which renders the gelatine insoluble in the region 
of the image in proportion to the density of silver deposited. Develop- 
ment is followed by a non-hardening fixing bath to arrest the action, 
and then by washing in hot water; this removes all the gelatine which 
has retained its solubility. Shadows are thus represented by a thick 
layer of gelatine, highlights by little or no gelatine, and middle tones 
by intermediate proportions: in each case the corresponding silver deposit 
of the image is allowed to remain. The matrices are then hung to dry, 
preferably in a drying cabinet, care being taken to avoid damage to the 
surface. If no drying cabinet is available, matrices may be dried with 
the aid of a fan. To ensure accurate registration at the transferring stage 
later, all three matrices should be suspended so that the images hang in 
like direction. 

The ‘Kodak’ Register Punch, used in conjunction with the ‘Kodak’ 
Register Pin Bar, facilitates correct registration of the matrices. An 
illuminated panel set flush with the top of the work bench forms a con- 
venient means of superimposing the matrix images prior to the punching 
operation. The base of the Register Punch should be mounted flush 
with the illuminated panel, and, using adhesive tape to secure them to 
the panel, the matrices are individually punched. It is recommended 
that the sequence of matrix punching be—cyan, magenta, yellow. The 
cyan matrix is retained on the panel while the magenta and yellow mat- 
rices are registered and punched. The toughness of ‘Estar’ Base matrix 
film may cause difficulty if an attempt is made to punch two or three 
sheets simultaneously. 

The matrices are then dyed. The matrix made from the red filter 
negative is immersed in the cyan dye; that from the green-filter negative 
in the magenta dye; and that from the blue-filter negative in the yellow 
dye. Dyeing is undertaken at room temperature and each matrix is dyed 
for at least 5 minutes. In the meantime the Dye Transfer paper, a 
gelatine-coated paper, is prepared by immersion, for at least 30 minutes 
but not more than 2 hours, in the Dye Transfer Paper Conditioner. 

The Kodak Register Pin Bar is used for registering the dyed matrices 
and for the subsequent transfer and automatic registration of the dye 
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image on to the prepared paper. The Pin Bar itself should be mounted 
on a suitable flat surface such as plate glass. The paper is squeegeed on 
to the glass in such a way as to allow it to butt-up against the edge of 
the Pin Bar. The holes punched earlier in the matrices are used for 
alignment. The matrices are placed in position, in turn, and squeegeed 
in contact with the paper. The dye image imbibed by each matrix is 
thus transferred on to the final support. The transfer of the dyes is 
effected in the sequence cyan, magenta, and yellow, and the time of 
transfer from each matrix is approximately 5 minutes. 

The time taken to produce the finished print in colour is about 30 
minutes from the dyeing of the first matrix, and subsequent prints take 
approximately 20 minutes each. 

Full instructions for the working of this process are packed with the 
relevant chemicals, as marketed by Kodak Limited. 
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FILTERS FOR ‘KODAK’ COLOUR FILMS 


‘Kodak’ Colour-Compensating Filters 


The range consists of six series, each of six filters, comprising yellow, 
magenta, and cyan, and red, green, and blue. These filters are spaced 
according to density, and corresponding filters in different series are 
roughly comparable. The peak density of the filters is indicated by the 
two digits following the ““CC” in the filter designation, and the colour is 
indicated by the final letter. Peak density is measured at the wave-length 
of maximum absorption, for example, the peak density of a yellow filter 
is given for blue light. The density values do not include the gelatine 
in which the filter dye is suspended, nor the glass in which the filters may 
be mounted. The following table shows the current range :— 





‘KODAK’ COLOUR-COMPENSATING FILTERS 








Peak oo Exposure pene # Exposure é ee Exposure 
. Increase Increase Increase 
Densit; : : . 

ensity oe in Stops ae in Stops ee in Stops 
0-05 CCOSY - CCO5M + CCO5C 4 
0-10 CCIOY 4 CCIOM + CCIOC + 
0-20 CC20Y 4 CC20M 4 CC20C + 
0-30 CC30Y + CC30M 2 CC30C z 
0-40 CC40Y + CC40M 2 CC40C 3 
0-50 CCSOY 2 CC50M 3 CCS50C | 

Red Series Green Series Blue Series 
Peak (suppresses Tee (suppresses ce eae (suppresses a rr 
Density blue and A Sone blue and : hs green and in Stops 
green) : P red) UTAtOPS red) ? P 

0-05 CCO5R + CC05G 4 CCO0SB 4 
0-10 CCIOR + CCl0G + CCI0B 4 
0-20 CC20R 4 CC20G $ CC20B 2 
0-30 CC30R 2 CC30G 2 CC30B 2 
0-40 CC40R 2 CC40G 2 CC40B I 
0-50 CCS5OR I CC50G I CCS50B I$ 





These filters are used to make changes in the over-all colour balance of 
photographic results obtained with colour films, or to compensate for 
deficiencies in the spectral quality of the light by which colour films may 
sometimes be exposed, or, in colour printing from colour negatives, for 
fine adjustment of colour balance—see Data Sheet PP-12. 
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Another purpose to which these filters may be put is to introduce slight 
colour-correction in light-sources used in making duplicates from ‘Ekta- 
chrome’ or ‘Kodachrome’ originals. For example, if the duplicate appears 
greenish, one of the magenta filters (CCO05M or CC10M) can be used over 
the camera lens; if too pink, one of the green filters (CC05G or CC10G) 
may prove suitable. The only satisfactory method is to select appropriate 
filters by experiment. Undesirable over-all tints of colour in trans- 
parencies which are to be duplicated or colour-printed can also be corrected 
in this manner. 

The number of filters used together should always be kept to a mini- 
mum in order, firstly, to reduce the scattering of light which occurs at 
each surface and which impairs the definition of the image, and secondly, 
to eliminate neutral density, which serves only to increase the exposure 
necessary without, of course, achieving any correction of colour. 

If the colour balance of a test transparency is not satisfactory, it can be 
viewed through one or more of the above CC filters to estimate which 
gives a satisfactory rendering, so that that filter or combination of filters 
can then be used for the next exposure. 

The relationship of the three primary-colour® filters to the three sub- 
tractive colours, is shown below: 


Red (absorbs blue and green)=yellow (absorbs blue) 
plus magenta (absorbs green) 

Green (absorbs blue and red)= yellow (absorbs blue) 
plus cyan (absorbs red) 

Blue (absorbs green and red)=magenta (absorbs green) 
plus cyan (absorbs red) 

The following procedure is recommended to reduce combinations of 
these filters to their simplest terms :— 


| The filters chosen should be converted to their equivalents in the 
subtractive colours—yellow, magenta, or cyan—if not already of these 
colours. 

2 These should be added together (e.g., CC20M+CC10OM=CC30M). 


3 If the resulting filter combination contains all three subtractive 
colours, the neutral density should be eliminated (e.g., CC10C-+CC10M 
+CC10Y=a neutral density of 0-10). 


4 If the filter-combination contains two different filters of equal density, 
the single equivalent primary colour filter should be substituted (e.g., 
CC10M+CC10C=CCI1OB). 
Example: A test transparency is exposed through a CCI1OR filter, and 
after processing is seen to be distinctly magenta in colour balance. The 
transparency appears satisfactory when viewed through a CC10G filter. 
The problem, then, is to combine a CC10R and a CC10G. 
Under the procedure outlined above, the filters are converted to their 

subtractive equivalents: 

CC10R =CC10Y+CC10M 

CC10G=CC10C+ CC1OY 


* By ‘“‘primary colour’ in this connection is meant a colour whose spectral composition comprises 
approximately one-third of the visible spectrum—red, green, or blue. 
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The sum of the subtractive filters is therefore—CC10Y+CCl0OM+ 
CC10C+CCI10Y, but as the presence of yellow, magenta, and cyan 
filters means absorption of blue, green, and red, in other words neutral 
density, and as these three constituents are of the same strength, they can 
simply be eliminated, leaving only the CCI0Y, which is the filter to be 
used in exposing the final transparency. 


Many determinations are not, of course, resolved so easily, and the 
final combination may include two or even three filters. However, the 
procedure outlined is always applicable, and if carefully followed will 
prevent the use of the wrong filters, or a combination heavier in density 
than that necessary to obtain the result required. 


When the final transparency is exposed, allowance must be made for 
any change in the filters used. The exposure increases given in the table 
on page 1 provide a rough guide to the adjustment required for each 
single filter, but that required for two or more filters of different colours 
is best determined by practical trial. 


Further details of CC filters can be found in Data Sheets CL-13 and 
PP-12. 


‘Kodak’ Colour-Printing Filters 


These filters are designed for use when printing from a colour negative 
on to Kodak ‘Ektacolor’ Paper or ‘Ektacolor’ Print Film. Basically, 
CP filters are similar to CC filters both in their designation and in 
the way in which they can be combined to produce a desired filtration. 
As these filters are used above the negative, the number of filters used is 
not important, but as with CC filters, it is equally advisable to eliminate 
any avoidable neutral density from the filter combination. CP filters, 
however, have improved transmission characteristics so that better 
neutrality is achieved when similar nominal values of cyan, magenta, and 
yellow are combined. Filters of 0-025 density are provided in the CP 
range, for very fine adjustment of colour balance. 





CYAN MAGENTA YELLOW 
CP025C CP025M CPO25Y 
CPO05C CPO5M CPOSY 
CPIOC CPIOM CPIOY 
CP20C CP20M CP20Y 
CP30C CP30M CP30Y 
CcP40C* CP40M* CP40Y* 
CPsSO0Cc* CP50M* CPSOY* 





* To ensure greater accuracy in colour printing, each of the 
nominal values CP40 and CP5O is subdivided into three 
groups of actual values. The actual value groups for 
CP40 are 374, 40, and 424, and for CP50 are 473, 50, and 
524. Both ‘‘nominal’ and ‘‘actual’’ values are marked 
on the filter packets. A CP2B (equivalent to Kodak 
‘Wratten’ Filter No. 2B) is also available. 
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These less-expensive CP filters are not of “optical” quality and there- 
fore are not suitable for use on enlarger or camera lenses, but must be 
used between the light-source and the negative. Where there is no 
provision for inserting filters into this non-image-forming part of the 
light beam, CC filters should be used close to the enlarger lens. 

Further details of CP filters can be found in Data Sheets CL-13 and 
PP-12. 


Kodak ‘Pola’ Screen 


A further type of light filter which can prove of service in colour 
photography is the ‘Pola’ screen. This has the special property of 
allowing the blue of the sky (in directions at right angles to that of the sun) 
to be darkened, by the absorption of polarized light, without affecting 
colour reproduction in other parts of the subject; it also serves to subdue 
undesired reflections from non-metallic surfaces. The use of the ‘Pola’ 
screen calls for an increase in exposure of approximately 14 stops compared 
with the normal exposure. For further details see Data Sheet FT-11. 


Ultra-violet-absorbing filters 


These filters are designed for use with daylight-type colour films 
exposed in open shade, when photographs taken without a filter would be 
too blue, and for distant scenes, seascapes, mountain views, sunlit snow 
scenes, aerial photographs, and on other occasions when it is required to 
absorb ultra-violet radiation. No increase in exposure is necessary when 
using either of these filters :— 

Kodak ‘Wratten’ No. 1A (‘Kodak’ Skylight Filter) has a very faint pink 
colour and is a stronger absorber of ultra-violet radiation than— 
‘Kodisk’ Haze Filter which is colourless. 


Correcting filters 


The use of these amber ‘Wratten’ filters enables artificial-light type 
films to be exposed successfully in daylight. For example, ‘Kodachrome’ 
II Film, Type A, is balanced for use with Photoflood illumination, and if 
exposed by daylight, it would give a colour image with a great excess of 
blue; by the use of a ‘Wratten’ Filter No. 85 over the camera lens, this 
film can be exposed by daylight to give pictures similar to those taken in 
daylight on ‘Kodachrome’ II Film, Daylight Type. 


The three filters of this type are :— 
Kodak ‘Wratten’ No. 85, which allows ‘Kodachrome’ II Film, Type A, 
to be used for daylight exposures. 
Kodak ‘Wratten’ No. 85B, which allows ‘Ektachrome’, Type B, and 
‘Ektacolor’, Type L, films to be used for daylight exposures. 
Kodak ‘Wratten’ No. 85C, which allows ‘Ektachrome’ Film, Type F, to be 
used for daylight exposures and is also recommended for ‘Kodacolor’ Film 
when the resultant negatives are to be printed by the user (see Data Sheet 
FM-4). 

Neither the Kodak ‘Wratten’ No. 1A nor the ‘Kodisk’ Haze filter should 
be used in addition to any of these filters, each of which incorporates an 
ultra-violet-absorbing constituent. 
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Kodak ‘Wratten’ Light-Balancing Filters 


This range consists of nine different filters recommended for the 
control of the colour temperature of a light-source when it is not possible 
to operate a lamp at the required colour temperature. They have an 
absorption affecting two primary colours, and fall into two distinct 
series—bluish and brownish—for raising and lowering, respectively, the 
colour temperature of the light. 





KODAK ‘WRATTEN’ LIGHT-BALANCING FILTERS 


BLUISH FILTERS BROWNISH FILTERS 

Filter No. Exposure Increase in Stops Filter No. Exposure Increase in Stops 
82 4 81 1 
82A 1 BIA zt 
82B 2 81B 1 
82C 2 BIC 4 
SIEF 2 





At 3200°K the changes effected by each set of filters are in steps of 
about 100°K; for example, the No. 81 filter converts 3300°K tungsten light 
to 3200°K, and the No. 81A converts 3400°K light (Photoflood) to 3200°K. 
At other colour temperatures, however, the change will be in steps of 
more or less than 100°K, and the correct filter should then be found 
either by the use of the mired tables given in Data Sheet CL-5, or by 
practical experiment. 


The following tables give some indication of the conversion effects of 
some of these filters, both singly and in certain combinations. 





CONVERSION OF COLOUR TEMPERATURE TO 3200°K 


colour Temnperciure of Filters Required Exposure Increase in Stops* 

2490 82C + 82C Id 
2570 82C + 82B I$ 
2650 82C + 82A | 

2720 82C + 82 | 

2800 82C z 
2900 82B z 
3000 82A z 
3100 82 £ 
3300 8I 3 
3400 BIA 3 
3500 81B 2 
3600 BIC 2 
3850 8IEF 3 








* These figures are approximate. For critical work they should be confirmed by practical test, especially 
when combinations of filters are used. 
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CONVERSION OF COLOUR TEMPERATURE TO 3400°K 


Colour Temperature of 


Source in K Filters Required Exposure Increase in Stops* 
2610 82C + 82C 14 
2700 82C 4 82B IL 
2780 82C 4+ 82A I 
2870 82C + 82 | 
2950 82C 2 
3060 82B 2 
3180 82A $ 
3290 82 4 
3510 81 } 
3630 8IA $ 
3740 8IB 4 
3850 8IC 4 
4140 8IEF 2 





* These figures are approximate. For critical work they should be confirmed by practical test, especially 
when combinations of filters are used. 


Three of these filters are additionally recommended for use as correcting 
filters to enable colour films to be exposed by the light of Photoflood 
or 3200°K lamps :— 


Kodak ‘Wratten’ No. 81A, which allows ‘Ektachrome’, Type B, and 
‘Ektacolor’, Type L, films to be exposed to Photofloods. 


Kodak ‘Wratten’ No. 824A, which allows ‘Ektachrome’, Type F, and 
‘Kodacolor’ films to be exposed to Photofloods. 


Kodak ‘Wratten’ No. 82C, which allows ‘Ektachrome’, Type F, and 
“Kodacolor’ films to be exposed to 3200°K lamps. 


Kodak, and product names quoted thus—Wratten’—are trade marks 
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THE STORAGE OF COLOUR MATERIALS 





All photographic materials, whether unprocessed or processed, are 
perishable products and are liable to damage by extreme temperatures and 
relative humidities. Colour materials are more seriously affected than 
black-and-white materials because heat and moisture usually affect the 
separate emulsion layers to different degrees. As well as a change in 
overall speed and contrast, this may cause changes in colour balance; 
adverse storage conditions can cause very much larger changes in colour 
quality and speed than any variation permissible during manufacture. 
Moisture may also cause various physical effects such as mottle and 
sticking. 


BEFORE PROCESSING 


In general, poor keeping conditions are more harmful to exposed but 
unprocessed material than they are to unexposed material. Proper storage, 
however, is necessary both before and after exposure, particularly when 
the most critical requirements are made of the film or paper in special 
work. In temperate regions the required precautions are relatively few 
and simple, greater care is necessary in hot and humid climes. 


Unexposed, and exposed but unprocessed materials 


Since high relative humidities alone are usually more harmful than high 
temperatures, all ‘Kodak’ colour materials are sold in moisture-tight 
packings, of which there are several types. No packing should be opened 
until the material is actually required for use. 


Protection from moist air. Once opened, materials should not be stored 
in damp basements, refrigerators, or cold stores, or other places where the 
relative humidity is high, without additional protection. 

When humid storage conditions cannot be avoided or when the use of a 
refrigerator is necessary for cooling, additional moisture protection may 
need to be provided, except for those materials in unopened moisture- 
tight packings. This protection can be given by placing as many packages 
of film as possible in a small container which can be tightly sealed; paper, 
in opened packings may be adequately protected by expelling the excess 
air from the laminated-foil envelope and closing it with a double fold 
across the open end. The normal seal should be reinforced by a layer or 
two of a waterproof adhesive tape. In order to avoid condensation of 
moisture on the surfaces of materials on removal from a refrigerator, 
packings should be allowed to reach room temperature before they are 
opened for use. They should be removed several hours before they are 
required. 

The ideal relative humidity is in the range 40 to 60 per cent, preferably 
near 40 per cent. 


Protection from heat. No packing is heat-proof. Films or papers should 
not be left near steam pipes, radiators, fires, boilers, or other sources of 
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heat. In warm weather, materials should not be left on the top floors 
of thermally un-insulated buildings, or in vehicles. 

Where possible the storage temperature should be kept to a maximum 
of 60°F (16°C) if colour films are to be used within three months, and 
50°F (10°C) if it is necessary to store the films for a longer period of time 
before use. High temperatures may produce undesirable changes in 
colour papers, which should, therefore, be kept at as low a temperature 
as practicable. It is preferable to store paper at 50°F (10°C) or lower in, 
for example, a refrigerator or a suitable cool store. If opened packings of 
paper are to be refrigerated they should be additionally protected in 
accordance with the recommendations outlined under the heading— 
“Protection from moist air’’. 

Keeping effects can be arrested almost completely for long periods of 
time by actually freezing the material in one of the freezing units now com- 
mercially available. Although storage in a unit of this type at approxi- 
mately 0°F (— 18°C) is an ideal way to keep materials fresh, it is essential 
that they should first be enclosed in a moisture-proof container or packing 
of some kind unless they are in unopened moisture-tight packings. 

When special storage precautions are not practicable it should be noted 
that a moderate temperature and relative humidity, such as 60°F (16°C) 
and 40 per cent, are better than a low temperature and a high relative 
humidity, such as 40°F (4°C) and 80 per cent. 


Protection from harmful gases. Films and papers should be kept away 
from formaldehyde, hydrogen sulphide, sulphur dioxide, ammonia, coal 
gas, mercury vapour, industrial gases, motor exhausts and vapours of 
turpentine and some solvents and cleaners. If the materials are kept in 
a friction-top, air-tight container, some measure of protection from these 
gases will be afforded. 


Protection from X-rays and other radiation. In hospitals, industrial 
premises, laboratories, etc., all unprocessed materials must be protected 
from any X-rays, gamma-rays, or the effects of any radio-active materials. 


Expiration date on film packings. If possible, film should always be used 
before its expiration date. Films kept past this date may require } to 1 
stop more than normal exposure and the colour balance may be unsatis- 
factory. The magnitude of the changes in a film is very largely dependent 
on its conditions of storage; proper storage conditions decrease the rate 
of the changes inherent in the perishable nature of sensitized materials, 
but they do not entirely eliminate them. 


Additional protection for exposed but unprocessed materials 


After a packing has been opened, the material within reaches equilibrium 
with the surrounding air in a period of time from approximately one hour 
to several hours, depending on its quantity and form. Under humid 
conditions materials should be exposed and processed as quickly as 
possible after the packing has been opened. High relative humidity and 
high temperature often cause undesirable changes in the latent image, 
and it is particularly important that exposed colour films be kept no longer 
than absolutely necessary before processing. For critical work and the most 
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consistent results when using colour paper, the time interval between exposure 
and processing should be kept as nearly uniform as possible. 

If it is anticipated that several days or weeks may elapse between 
exposure and processing, during which time films may be subjected to 
adverse climatic conditions (temperature above 75°F (24°C) or relative 
humidity above 60 per cent), they should be dried, re-sealed in the original 
package, and kept as cool as possible. Drying can be effected by storing 
the film in a container for a few days with a desiccating agent such as 
silica gel, preferably indicator silica gel, which incorporates a colour 
indicator to denote when the desiccant needs re-activation. This should 
be separated from the film by a porous partition which will prevent the 
dust from reaching the emulsion. Exposed films should not be re-sealed 
either in the original package or in other moisture-tight containers unless 
they are first desiccated, as this would prevent evaporation of any moisture 
which the film may have absorbed. 

More stringent precautions should be taken when storing ‘Ektachrome’ 
and ‘Kodacolor’ control strips. These control strips are sold by Kodak 
Limited for users who are processing their own ‘Ektachrome’, ‘Ektacolor’, 
and ‘Kodacolor’ films, especially large-scale operators. They are a means 
of assessing variations in the quality of their results which originate from 
changes in processing conditions. Each strip is a length of the appropriate 
film on which have been exposed a grey scale, and some other means, 
three colour patches, etc., of comparison with the supplied reference 
strip of the same film which has been exposed and processed by Kodak 
Limited under precisely controlled conditions. 

Control strips may be stored in the freezing compartment of a 
refrigerator, at a temperature not exceeding 30°F (—1°C), to prevent 
changes in the latent image, for periods up to approximately one month. It 
is advisable not to order, at one time, more strips than it is expected to use 
within 4-6 weeks. Strips which are to be stored for longer periods must 
be kept at a temperature of 0°F (— 18°C) or below. 


AFTER PROCESSING 


All dyes are fugitive to some extent. The dyes used in ‘Kodak’ colour 
materials are as stable as is consistent with the individual optical and 
chemical requirements of the colour process. The primary factors 
affecting their life are moisture, heat, and light; for maximum permanence 
processed colour materials should, therefore, be stored where it is dry, 
cool, and dark. 


Protection from heat and humidity 


Processed films or papers should be stored on the main floors of build- 
ings; they should not be stored in basements, which may be damp, nor 
in attics, which may be hot. A relative humidity of 25 to 50 per cent and a 
temperature of 70°F (21°C) or less, provide the most satisfactory storage 
conditions. Colour negatives, transparencies, or prints should not be 
artificially humidified except under carefully controlled conditions. It is 
preferable by far to maintain reasonable conditions so that humidifying 
does not become necessary. 

It must be emphasised that high relative humidities are more dangerous 
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than elevated temperatures, largely because of the possibility of mould 
growth. In certain localities, usually tropical, where relative humidities 
of 60 per cent or higher prevail indoors, it may be necessary to build a 
moisture-proof storage box. This box should be made of non-ferrous 
metal, or wood lined with non-ferrous metal, and all joints should be 
soldered or otherwise made airtight. A rubber gasket should also be pro- 
vided, where necessary, to allow the lid to be tightly closed. A collection 
of colour negatives, transparencies, or prints can be stored permanently in 
such a box with activated silica gel, if the ambient humidity is normally 
too high, but care should be taken to prevent the dust from reaching the 
emulsion surfaces. The contents should be arranged so as to permit a 
reasonable circulation of air within the container. 


Protection from physical damage 

Colour negatives or transparencies should be kept as clean and as dust- 
free as possible. They should not be touched with the fingers except at 
the edges. Sheet-film transparencies should be kept in transparent 
‘Kodak’ Transparency Sleeves, which are available for protection against 
dirt and finger marks. However, at relative humidities above 60 per cent, 
shiny spots may occur on the emulsion surface of a film stored in contact 
with such a sleeve, or with any smooth surface. 


Cleaning transparencies 


Dust or lint particles can be removed from colour transparencies with 
a clean, dry, camel-hair brush. In many cases finger prints and minor 
grease smudges can be removed by breathing on the transparency, then 
wiping it gently with a soft cloth or a wad of cotton wool. If this treat- 
ment is not successful, ‘Kodak’ Cine-Film Cleaning Fluid can be used 
sparingly on a plush pad or a pledget of cotton-wool. The pad or pledget 
should be used with light, even strokes and be moistened only slightly 
so that no pools or droplets of the liquid will be formed on the surface of 
the film. 


Kodak is a trade mark 
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EXPOSURE IN COLOUR PHOTOGRAPHY 


The exposure recommendations given in the Data Sheets for both ‘Ekta- 
chrome’ and ‘Kodachrome’ films and in the instruction sheets packed 
with the films provide, if carefully followed, an excellent starting point 
for the determination of correct exposure under the typical conditions 
outlined in the tables. In certain circumstances, however, such simple 
guides are not sufficient, and the following observations and recommenda- 
tions may serve to assist in obtaining the optimum exposure. 


EXPOSURE LATITUDE 


The exposure latitude of any colour film is limited by comparison with 
ordinary monochromatic materials. However, as the lighting contrast, 
and therefore the subject contrast, is decreased a wider range of exposures 
can produce satisfactory results. There is a wider range of exposures 
that will result in an acceptable reproduction of, say, an evenly illuminated 
line drawing than would be possible, for example, with most architectural 
interiors or photographs taken under a bright tropical sun. Conversely, 
if in the proposed picture there are any extreme highlights and shadows 
in which important detail must be preserved, only very slight departures 
from the optimum exposure can be tolerated. 

Apart from the lighting employed, the subject contrast varies in both 
colour and brightness. The exposure latitude, therefore, depends to 
some extent on the nature of the colours being photographed. From 
the standpoint of pleasing reproduction, yellows can be somewhat under- 
exposed while dark-blues can be somewhat over-exposed. If both of 
these colour extremes are included in the same subject, the normal 
exposure, representing a compromise, is the only satisfactory solution. 

In studios, if it is practicable, more light should be directed towards 
the blue area and less towards the yellow, and it is recommended that 
most subjects be photographed with a lighting ratio of approximately 
three to one. This signifies that apart from the colour or tonal range of 
the subject, the amount of light falling upon any one portion of that 
subject should not be greater than three times that falling upon any other 
portion. With this ratio, the deviation from correct exposure should not 
be greater than approximately half a stop in either direction. However, 
the tolerance depends to some extent on such factors as the personal 
opinion of the observer and the intended use of the resultant colour 
picture, but the limit above can be used as a guide for producing high- 
quality colour photographs. 


THE EFFECT OF EXPOSURE ON COLOUR SATURATION 


Under-exposure of reversal colour films, if not too great, gives an 
increased colour saturation, while over-exposure shows a loss of colour 
saturation. Nearly all natural colours contain some white light, and 
continued exposure above normal will allow this white component to 
“burn-out” the colours gradually until they finally reach white. This 
characteristic can be used to introduce deliberate departures from normal 
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colour rendering. For example, a high-key type of subject can be 
illuminated with flat, diffused light and the film intentionally over- 
exposed by about half a stop or more, to produce a delicate pastel effect. 
However, with the great majority of subjects the optimum exposure 
should be given, but positive transparencies intended for reproduction 
by either photographic or photomechanical processes may show improved 
highlight detail in the copies if originally they are given slightly less than 
the best exposure for direct viewing. 


VARIATION IN LIGHTING INTENSITY 


Exposure is normally defined as the intensity of illumination multiplied 
by time. If this were a reciprocal function, then provided the product 
were held constant, the photographic effect would be constant. In fact, 
the sensitivity of a photographic emulsion varies with the intensity level 
of the lighting. At normal lighting levels the variations in sensitivity 
are so slight as to be negligible, even for critical work. When the lighting 
is at a very high or a very low level of intensity, however, the variations 
in sensitivity may become a serious problem. For monochrome materials, 
the loss of speed at very high or very low levels is relatively unimportant 
because of the normally wide exposure latitude. But with multilayer 
colour films, it is often necessary to increase the exposure when it is 
required to use them under such very high or low lighting levels. Further, 
as the sensitivity variations may be different for each of the three emulsion 
layers, with consequent changes in colour balance, it may also be necessary 
to use compensating filters. 

These characteristics of colour films should be known by all users of 
colour photographic materials, particularly those who use electronic flash 
tubes and those who use long exposures. For the guidance of such 
people, supplementary instruction sheets are packed with Kodak ‘Ekta- 
chrome’ sheet film. For the daylight type film, the information given 
concerns extremely short exposures, as this is the type of film used with 
flash tubes, while for Type B film, filter and exposure adjustments for 
10-second and 120-second exposures are suggested. 


SHUTTER VARIATIONS 
The following factors may influence the efficiency of shutter operation: 


| Temperature—very low temperatures may slow down a shutter so that 
it gives a greater exposure than that indicated. 


2 Wear and tear—even with reasonable care and use, shutter parts may 
in time wear like those of any other mechanism. 


3 Misuse—the effects of dust and dirt, high relative humidity, accidental 
dropping, etc., all tend either to induce variations in shutter speed or to 
accelerate the slowing-down effect of continued use. 


4 Size of shutter—generally large shutters are less efficient than small 
shutters. 


5 Normal speed variations—the tolerance of shutters should be +20- 
30 per cent of the indicated speed. 
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Periodically a shutter should be tested for accuracy. Electronic time- 
interval meters which measure the period between opening and closing 
are sufficiently accurate to test shutters used for most colour work. How- 
ever, for precise exposure determination, the total time for which the 
shutter is open is not an accurate means of expressing exposure because 
of the constantly changing size of the useful aperture while the shutter 
is Opening and closing. 

The efficiency of a shutter may be expressed as the ratio of the amount 
of light actually transmitted to the amount which would have been 
transmitted if the shutter had been fully open for the same time. 

Effective exposure times, i.e., the marked shutter speeds, are usually 
calculated at the maximum lens aperture. The use of smaller apertures 
results in slightly longer effective exposure times for a given speed setting. 


USE OF PHOTO-ELECTRIC EXPOSURE METERS 


A reliable meter is almost a necessity in the studio and is a very useful 
accessory for outdoor work. While the exact meter setting to be used 
depends on the method of manipulating the meter and its calibration, the 
meter settings given in the appropriate Data Sheets or in the instruction 
sheets packed with the film are suggested as guides. These settings are 
expressed as exposure indices and are suitable for use with exposure 
meters based on the British Standards Institution or the American 
Standards Association system. Further information may be found in 
Data Sheet RF-1, Exposure Indices and Exposure Meter Settings. 


Checking the meter and camera 


For colour photography a photo-electric exposure meter must be 
accurate. Regardless of the technique of exposure determination, the 
best method of calibrating the meter is to make a practical photographic 
test under the actual conditions of use. Using the meter setting recom- 
mended for the particular film, the exposure should be determined for 
a subject which is typical of the subject material to be handled. The 
reading can be obtained either with an incident-light meter or by using an 
integrating (reflected-light) meter to read the light reflected from white 
paper. In order that the effect of bellows extension be eliminated, the 
camera should be placed further from the subject than eight times the focal 
length of the lens used. 

The calculated exposure should be made the mid-point of a series of 
actual camera exposures differing from each other by half a stop, and all 
these data should be recorded for reference. Only one particular lens 
should be used for the series, as variables, such as whether or not a lens 
is coated, and the number and nature of its components, influence the 
transmission factor of a lens. Such an exposure series simulates the use 
of several different meter settings, and after the test films have been 
processed an examination will show which simulated meter setting 
produced the best result in the series. This figure, which compensates 
for the effects of variation in shutters and individual working conditions, 
may then be used for future work with the particular lens and batch of 
film. 
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Meter reading from the camera position 

The technique of measuring reflected light from the camera position 
is frequently misleading when the scene is unusual in brightness, com- 
position or lighting, especially when the subject and its background do 
not have approximately the same brightness. For example, it is evident 
that the same exposure is required to produce good flesh tones whether 
a subject is shown in front of a dark or a very light background, yet the 
difference in the overall reflectance of the scene may be large: an error 
in exposure calculation is likely in either case. 


Highlight method 


Whenever possible, the exposure should be calculated by the use of 
the meter in combination with a sheet of clean, white blotting paper (not 
photographic). The reading should be taken from the paper in the 
subject position; the same type of paper should be employed consistently 
and it should be large enough in size to fill the acceptance cone of the 
meter when this is used at the recommended distance of 6 inches. 

The paper should be held close to and in front of the subject, facing 
approximately half-way between the camera and the main source of light. 
When this is not possible, as with some outdoor subjects, the paper should 
be made to receive the same kind and quantity of light as is falling on to the 
subject. The light reading should then be taken from the paper, but 
neither the operator’s shadow nor that of the meter itself should be 
allowed to affect the reading. 

The indicated exposure, as calculated by this method, should then be 
multiplied 5 to 10 times (approximately 2} to 3} stops) to find the actual 
exposure required for an average subject. 

When this method is used, the calculated exposure should be decreased 
by half a stop if the subject is unusually light, or increased by half a stop 
if it is unusually dark. 

This method is capable of yielding more consistent results than direct 
meter readings of the subject taken from the camera position. But it 
may be necessary to adjust the meter setting according to experience with 
the particular meter and working conditions. 

Instead of white paper the palm of the hand is sometimes used; if so, the 
indicated exposure should be multiplied by 2 (1 stop). When the hand 
is used in determining exposure for a subject which does not contain 
flesh tones, and if the subject is unusually light or dark, an allowance 
should be made. 


Incident-light method 

The highlight method described above is essentially an indirect 
measurement of the illumination falling upon the subject. However, 
there are available incident-light meters, and attachments for meters, 
which are designed to measure the illumination directly when they are 
aimed at the camera or lights from the subject position. Integrating 
cones or hemispheres, which can accept light from over a wide angle 
(usually about 180°), are used in these meters or attachments which should 
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be used as directed by the manufacturer; they are usually most satis- 
factory. 


Exposure photometers 

There are available on the British market two exposure photometers. 
As these both have a very narrow angle of acceptance they can be used 
to estimate exposure with great accuracy. 


EXPOSURE CORRECTION FOR EXTENDED BELLOWS 


Whenever the subject is closer than eight times the focal length of the 
lens, the f-values shown on the lens no longer indicate the effective 
aperture. Taking the case of same-size (1:1) copying, an exposure error 
of four times would be introduced. 

The exposure correction necessary at various camera extensions can be 
determined from Data Sheet RF-4, Scales for Determining Copying 
Factors, or from the formula—(1-:-M)?—where M is the ratio of image 
size to object size. 


EXPOSURE SERIES METHOD 


When unusual conditions of lighting are encountered and especially when 
it is impossible or difficult to retake the subject, it is suggested that a 
series of exposures differing from each other by half a stop be made. 
This procedure is advisable regardless of the method of exposure determi- 
nation. Extra film cost is usually much smaller than the retaking expenses. 
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The following product names appearing 
in this Data Sheet are trade marks 


EKTACHROME 
KODACHROME 
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‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





PROCESSING 





PR-| Developing ‘Kodak’ Films and Plates 

PR-2 Graininess and Granularity 

PR-3 Fine-Grain Development 

PR-4 Processing Recording Films and Papers 

PR-5 Uniform Development of Photographic Plates 


PR-6 The Selection of Materials for the Construction of Photographic 
Processing Apparatus 


PR-7 Darkroom Design 

PR-8 Dermatitis from Photographic Chemicals 
PR-9 Silver Recovery and Fixer Regeneration 
PR-I1 Chemical Aids to Rapid Drying 

PR-12 Stains on Monochrome Negatives and Prints 
PR-I3 Processing Principles and Techniques 

PR-14 Colour Films Processed as Monochrome 


Associated Data Sheets contained in other sections 


RF-10 The Dimensional Stability of Photographic Film 
GN-I| Negative Quality 

XR-6 Processing X-ray Films 

XR-7 Faults in Processing X-ray Films 

XR-8 Tropical Processing of ‘Kodak’ X-ray Films 

SC-I5 The Photographic Aspects of X-ray Crystallography 
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COLOUR TEMPERATURE 





THE colour temperature of a light source may be defined as the tempera- 
ture of a black body or full radiator emitting light of the same visual 
colour as the source concerned. If the spectral distribution of the source 
differs materially from that of a full radiator the whole concept of colour 
temperature ceases to possess any meaning, and should not be used. By 
this definition it is obvious that no colour temperature can be applicable 
to light sources having a line spectrum, e.g., sodium-vapour lamps. In 
addition, colour-temperature values for various daylight conditions tend 
to be misleading when an attempt is made to apply them in colour 
photography. 

The colour temperature of an illuminant is expressed normally in degrees 
Kelvin (°K), equivalent to degrees Centigrade plus 273. For tungsten- 
filament lamps the colour temperature is very approximately 50°K above 
the actual temperature of the filament. 

Every colour temperature has an associated “mired” value (micro- 
reciprocal degree), which is obtained from the formula :— 

6 
Mired value = > 


where T represents colour temperature in °K. A conversion table is 
given below which shows at a glance the mired values of colour tempera- 
tures from 2000°-6900°K in steps of 100°K. In the correction of 
light sources for colour photography it is not necessary normally to 
consider amounts less than 100°K. A dekamired is 10 mireds, but this 
unit is too coarse for photographic colour work. 





MIRED VALUES OF COLOUR TEMPERATURES FROM 2000°—6900°K 


°K 0 100 | 200 | 300 | 400 ; 500 | 600 | 700 | 800 | 900 


2000 500 | 476 | 455 | 435 | 417 | 400 | 385 | 370 | 357 | 345 
3000 333 | 323 | 312 | 303 | 294 | 286 | 278 | 270 | 263 | 256 
4000 250 | 244 | 238 | 233 | 227 | 222 | 217 | 213 | 208 | 204 
5000 200 | 196 192 | 189 | 185 | 182 | 179 | 175 | 172 | 169 
6000 167 | 164 16] 159 | 156 | 154 | 152 | 149 | 147 | 145 








Certain filters have a property of converting the radiation quality of a 
light source from one colour temperature to that of another, and the 
difference in mired value caused by any such filter is approximately the 
same irrespective of the initial colour temperature of the source. Thus, 
the filters can each be said to possess a specific “mired-shift” value as 
determined by the formula :— 


l 1 
Mired-shift value = (= 7, x 10° 


where 7, represents the colour temperature of an original light source, 
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and T, the colour temperature of the light after transmission through 
the filter. This mired-shift value will be either positive or negative. 
The recommended brownish filters (left-hand column in table below) 
lower the colour temperature, but the mired value, being a reciprocal 
function, will be raised; such filters, therefore, have a positive value. 
The bluish filters (right-hand column) have a negative value. 


In practice it is necessary only to consult the conversion table to 
determine the difference in mired values between the film being used 
and the radiation it is required to work with. This difference will be 
positive when the existing colour temperature is higher than that required, 
and negative when the existing colour temperature is lower than that 
required. The list of the Kodak ‘Wratten’ filters recommended for con- 
version is given below; appropriate filters should be chosen to produce the 
necessary mired shift. Filters may be combined, their mired-shift values 
being then added or subtracted according to the sign. However, when 
two filters are used in combination, losses due to reflections from the 
surfaces may be considerable unless the two gelatine filters are together 
cemented between glasses. 


MIRED-SHIFT VALUES OF ‘WRATTEN’ FILTERS 


Positive—towards yellow Negative—towards blue 
sl. + 10 82 — 10 
BIA . + 18 820A... . . . — 18 
BIB. + 27 78C . 1 www. = 4 
BIC . + 35 828... 2 ww. = 82 
8IEF + 53 82c . . . 2. 2. = 45 
gsc . + 99 82C +82 . . . . —55 
86A . +111 82C + 82A. . . . — 62 

82C + 82B. . . . —77 
82C +82C. . . . — 89 
TBA. ww we 





Other factors affecting colour temperature are the colour of reflectors 
and of walls, ceilings or floors which reflect light on to the subject. If 
these are not white or a neutral grey, results can be produced which appear 
to be off balance or to have disturbing colour casts over certain portions. 


The approximate colour temperatures listed below apply only when 
the lamps are run at their rated voltage; variations in line voltage can 
produce marked differences and some system of voltage stabilisation 
should be used. 
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LIGHT SOURCES 


Approximate | Equivalent 





Source Colour Mired 
Temperature Value 
Open arc (white-flame carbons). . d~ 4 5000°K 200 
Crater of carbon arc (normal hard-core carbons) . . 4000°K 250 
Photoflood lamps Nos. | and2 . . re 3300°-3400°K | 303-294 
‘Mazda’ Photopearl, ‘Osram’ Photographic Series B, 
and Philips ‘Argaphoto’ . » «  « | 3100°-3200°K | 323-312 
Controlled Colour-Temperature (CP) lamps Boa x 3200°K 312 
A.| projection lamps . 4 spy 3200°K 312 
1000-watt and 500-watt floodlamps we gi GR Se SP 3000° K 333 
100-watt gas-filled general-service lamps . . . . 2900° K 345 
Ribbon-filament lamps ; 2850°K 351 
60-watt and 40-watt gas-filled general-s service lamps : 2800° K 357 
‘Pointolite’ lamps . . . : oe 2750°K 364 
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APPENDIX 


Colour-temperature meters 
There are available on the British market five colour-temperature 
meters— 


‘Megatron’ .. .. Megatron Limited 

E.E.L. a .. Evans Electro-Selenium Limited 
‘Collux’ ITI .. Mole-Richardson (England) Limited 
‘Sixticolor’ .. .. Photax (London) Limited 
‘Lifacolorlux’ .. J. J. Silber Limited 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
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EXPOSURE IN GOLOUR PHOTOGRAPHY 


The exposure recommendations given in the Data Sheets for both ‘Ekta- 
chrome’ and ‘Kodachrome’ films and in the instruction sheets packed 
with the films provide, if carefully followed, an excellent starting point 
for the determination of correct exposure under the typical conditions 
outlined in the tables. In certain circumstances, however, such simple 
guides are not sufficient, and the following observations and recommenda- 
tions may serve to assist in obtaining the optimum exposure. 


EXPOSURE LATITUDE 


The exposure latitude of any colour film is limited by comparison with 
ordinary monochromatic materials. However, as the lighting contrast, 
and therefore the subject contrast, is decreased a wider range of exposures 
can produce satisfactory results. There is a wider range of exposures 
that will result in an acceptable reproduction of, say, an evenly illuminated 
line drawing than would be possible, for example, with most architectural 
interiors or photographs taken under a bright tropical sun. Conversely, 
if in the proposed picture there are any extreme highlights and shadows 
in which important detail must be preserved, only very slight departures 
from the optimum exposure can be tolerated. 

Apart from the lighting employed, the subject contrast varies in both 
colour and brightness. The exposure latitude, therefore, depends to 
some extent on the nature of the colours being photographed. From 
the standpoint of pleasing reproduction, yellows can be somewhat under- 
exposed while dark-blues can be somewhat over-exposed. If both of 
these colour extremes are included in the same subject, the normal 
exposure, representing a compromise, is the only satisfactory solution. 

In studios, if it is practicable, more light should be directed towards 
the blue area and less towards the yellow, and it is recommended that 
most subjects be photographed with a lighting ratio of approximately 
three to one. This signifies that apart from the colour or tonal range of 
the subject, the amount of light falling upon any one portion of that 
subject should not be greater than three times that falling upon any other 
portion. With this ratio, the deviation from correct exposure should not 
be greater than approximately half a stop in either direction. However, 
the tolerance depends to some extent on such factors as the personal 
opinion of the observer and the intended use of the resultant colour 
picture, but the limit above can be used as a guide for producing high- 
quality colour photographs. 


THE EFFECT OF EXPOSURE ON COLOUR SATURATION 


Under-exposure of reversal colour films, if not too great, gives an 
increased colour saturation, while over-exposure shows a loss of colour 
saturation. Nearly all natural colours contain some white light, and 
continued exposure above normal will allow this white component to 
“burn-out” the colours gradually until they finally reach white. This 
characteristic can be used to introduce deliberate departures from normal 
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colour rendering. For example, a high-key type of subject can be 
illuminated with flat, diffused light and the film intentionally over- 
exposed by about half a stop or more, to produce a delicate pastel effect. 
However, with the great majority of subjects the optimum exposure 
should be given, but positive transparencies intended for reproduction 
by either photographic or photomechanical processes may show improved. 
highlight detail in the copies if originally they are given slightly less than 
the best exposure for direct viewing. 


VARIATION IN LIGHTING INTENSITY 


Exposure is normally defined as the intensity of illumination multiplied 
by time. If this were a reciprocal function, then provided the product 
were held constant, the photographic effect would be constant. In fact, 
the sensitivity of a photographic emulsion varies with the intensity level 
of the lighting. At normal lighting levels the variations in sensitivity 
are so slight as to be negligible, even for critical work. When the lighting 
is at a very high or a very low level of intensity, however, the variations 
in sensitivity may become a serious problem. For monochrome materials, 
the loss of speed at very high or very low levels is relatively unimportant 
because of the normally wide exposure latitude. But with multilayer 
colour films, it is often necessary to increase the exposure when it is 
required to use them under such very high or low lighting levels. Further, 
as the sensitivity variations may be different for each of the three emulsion 
layers, with consequent changes in colour balance, it may also be necessary 
to use compensating filters. 

These characteristics of colour films should be known by all users of 
colour photographic materials, particularly those who use electronic flash 
tubes and those who use long exposures. For the guidance of such 
people, supplementary instruction sheets are packed with Kodak ‘Ekta- 
chrome’ sheet film. For the daylight type film, the information given 
concerns extremely short exposures, as this is the type of film used with 
flash tubes, while for Type B film, filter and exposure adjustments for 
10-second and 120-second exposures are suggested. 


SHUTTER VARIATIONS 
The following factors may influence the efficiency of shutter operation: 


| Temperature—very low temperatures may slow down a shutter so that 
it gives a greater exposure than that indicated. 


2 Wear and tear—even with reasonable care and use, shutter parts may 
in time wear like those of any other mechanism. 


3 Misuse—the effects of dust and dirt, high relative humidity, accidental 
dropping, etc., all tend either to induce variations in shutter speed or to 
accelerate the slowing-down effect of continued use. 


4 Size of shutter—generally large shutters are less efficient than small 
shutters. 


5 Normal speed variations—the tolerance of shutters should be +20- 
30 per cent. of the indicated speed. 
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Periodically a shutter should be tested for accuracy. Electronic time- 
interval meters which measure the period between opening and closing 
are sufficiently accurate to test shutters used for most colour work. How- 
ever, for precise exposure determination, the total time for which the 
shutter is open is not an accurate means of expressing exposure because 
of the constantly changing size of the useful aperture while the shutter 
is opening and closing. 

The efficiency of a shutter may be expressed as the ratio of the amount 
of light actually transmitted to the amount which would have been 
transmitted if the shutter had been fully open for the same time. 

Effective exposure times, i.e., the marked shutter speeds, are usually 
calculated at the maximum lens aperture. The use of smaller apertures 
results in slightly longer effective exposure times for a given speed setting. 


USE OF PHOTO-ELECTRIC EXPOSURE METERS 


A reliable meter is almost a necessity in the studio and is a very useful 
accessory for outdoor work. While the exact meter setting to be used 
depends on the method of manipulating the meter and its calibration, the 
meter settings given in the appropriate Data Sheets or in the instruction 
sheets packed with the film are suggested as guides. These settings are 
expressed as exposure indices and are suitable for use with exposure 
meters based on the British Standards Institution or the American 
Standards Association system. Settings for other meters may be found 
in Data Sheet RF-1, Exposure Indices and Exposure Meter Settings. 


Checking the meter and camera 


For colour photography a photo-electric exposure meter must be 
accurate. Regardless of the technique of exposure determination, the 
best method of calibrating the meter is to make a practical photographic 
test under the actual conditions of use. Using the meter setting recom- 
mended for the particular film, the exposure should be determined for 
a subject which is typical of the subject material to be handled. The 
reading can be obtained either with an incident-light meter or by using an 
integrating (reflected-light) meter to read the light reflected from white 
paper. In order that the effect of bellows extension be eliminated, the 
camera should be placed further from the subject than eight times the focal 
length of the lens used. 

The calculated exposure should be made the mid-point of a series of 
actual camera exposures differing from each other by half a stop, and all 
these data should be recorded for reference. Only one particular lens 
should be used for the series, as variables, such as whether or not a lens 
is coated, and the number and nature of its components, influence the 
transmission factor of a lens. Such an exposure series simulates the use 
of several different meter settings, and after the test films have been 
processed an examination will show which simulated meter setting 
produced the best result in the series. This figure, which compensates 
for the effects of variation in shutters and individual working conditions, 
may then be used for future work with the particular lens and batch of 
film. 
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Meter reading from the camera position 

The technique of measuring reflected light from the camera position 
is frequently misleading when the scene is unusual in brightness, com- 
position or lighting, especially when the subject and its background do 
not have approximately the same brightness. For example, it is evident 
that the same exposure is required to produce good flesh tones whether 
a subject is shown in front of a dark or a very light background, yet the 
difference in the overall reflectance of the scene may be large: an error 
in exposure calculation is likely in either case. 


Highlight method 

Whenever possible, the exposure should be calculated by the use of 
the meter in combination with a sheet of clean, white blotting paper (not 
photographic). The reading should be taken from the paper in the 
subject position; the same type of paper should be employed consistently 
and it should be large enough in size to fill the acceptance cone of the 
meter when this is used at the recommended distance of 6 inches. 

The paper should be held close to and in front of the subject, facing 
approximately half-way between the camera and the main source of light. 
When this is not possible, as with outdoor subjects, the paper should be 
made to receive the same kind and quantity of light as is falling on to the 
subject. The light reading should then be taken from the paper, but 
neither the operator’s shadow nor that of the meter itself should be 
allowed to affect the reading. 

The indicated exposure, as calculated by this method, should then be 
multiplied 5 to 10 times (approximately 2+ to 3} stops) to find the actual 
exposure required for an average subject. 

When this method is used, the calculated exposure should be decreased 
by half a stop if the subject is unusually light, or increased by half a stop 
if it is unusually dark. 

This method is capable of yielding more consistent results than direct 
meter readings of the subject taken from the camera position. But it 
may be necessary to adjust the meter setting according to experience with 
the particular meter and working conditions. 

Instead of white paper the palm of the hand is sometimes used; if so, the 
calculated exposure should be multiplied by 2 (1 stop). When the hand 
is used in determining exposure for a subject which does not contain 
flesh tones, and if the subject is unusually light or dark, an allowance 
should be made. 


Incident-light method 


The highlight method described above is essentially an indirect 
measurement of the illumination falling upon the subject. However, 
there are available incident-light meters, and attachments for meters, 
which are designed to measure the illumination directly when they are 
aimed at the camera or lights from the subject position. Integrating 
cones or hemispheres, which can accept light from over a wide angle 
(usually about 180°), are used in these meters or attachments which should 
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be used as directed by the manufacturer; they are usually most satis- 
factory. 


Exposure photometers 

There are available on the British market two exposure photometers. 
As these both have a very narrow angle of acceptance they can be used 
to estimate exposure with great accuracy. 


EXPOSURE CORRECTION FOR EXTENDED BELLOWS 

Whenever the subject is closer than eight times the focal length of the 
lens, the f-values shown on the lens no longer indicates the effective 
aperture. Taking the case of same-size (1:1) copying, an exposure error 
of four times would be introduced. 

The exposure correction necessary at various camera extensions can be 
determined from Data Sheet RF-4, Scales for Determining Copying 
Factors, or from the formula—(1—M)*— where M is the ratio of image 
size to object size. 


EXPOSURE SERIES METHOD 


When unusual conditions of lighting are encountered and especially when 
it is impossible or difficult to retake the subject, it is suggested that a 
series of exposures differing from each other by half a stop be made. 
This procedure is advisable regardless of the method of exposure determi- 
nation. Extra film cost is usually much smaller than the retaking expenses. 
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PROBLEMS IN COLOUR PHOTOGRAPHY 


As we live in a world of colour it is natural to find coloured photographs 
more realistic than monochrome photographs. Comparatively speaking, 
monochrome photographs are more of an abstraction from reality, i.e., 
they are more commonly accepted on their merits as pictures. In a 
portrait of course, the likeness is considered of paramount importance, 
but other types of monochrome pictures tend to be judged without 
reference to or regard for the appearance of the original scene. As a 
result, tone rendering in monochrome prints can vary over a wide range 
and still remain satisfactory. 

However, the average observer on being shown a colour photograph 
tends to make a more direct comparison between the reproduction and the 
original subject. Thoughts and comments will be based to a considerably 
greater extent on his recollection of the original scene or on his conception 
of how the original scene should have appeared. If the colour photo- 
graph is to be satisfactory, skin colours, pillar boxes and other such 
familiar objects should be reproduced with reasonable accuracy, both in 
terms of tone rendering and colour rendering. 

As colour adds a new dimension to the mere representation of a scene in 
tones of grey, a colour photograph is subject to more variations than a 
monochrome photograph; at the same time, colour permits a greater 
range of effects than monochrome; many of its possibilities are virtually 
unexplored. 

Though the term dimension has been used in a figurative sense, to a 
considerable extent this term applies literally, for it is a matter of common 
observation that a colour photograph seems more three dimensional than 
a monochrome photograph. 


Colour quality of illumination 


Though virtually irrelevant in monochrome photography, the quality 
of the light source is a most important consideration in colour work. 
Essentially, the problem in colour work arises from the fact that a colour 
film does not always appreciate colours in the same way as does the eye. 
For example, if the cover of a book appears green in daylight, that is, 
in illumination which is a combination of sunlight and skylight, we think 
of it as being the same colour in tungsten light. Although the difference 
in the quality of the illumination actually affects the quality of the light 
reaching the eye, the vision automatically compensates for the change. 
A colour film, having no such automatic compensation, reproduces colour 
approximately as the eye sees it, only when the illumination is the same as 
that for which the film is balanced. Thus, the book will be reproduced 
as green by daylight type film exposed in daylight, or by artificial light 
film exposed by the appropriate tungsten lighting. If daylight film were 
to be exposed in tungsten light without a compensating filter, it would 
reproduce the book as yellowish-green. Similarly, artificial light film 
exposed in daylight without a filter would reproduce the book as bluish- 
green. As the eye tends to observe colours as they appear in daylight, the 
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aim of colour films balanced for exposure in artificial light is to make the 
picture appear as if the light source were of daylight quality. This is also 
the objective of the various filters recommended for use when a colour film 
must be exposed under lighting conditions other than those for which it is 
balanced in manufacture. 

Except for special effects, light sources which are appreciably different 
in spectral energy distribution must not be mixed for any one exposure. 
In viewing an original scene lit by two different light sources, the eye 
adapts to an intermediate colour quality, thus tending to minimise the 
visual effects of the colour differences between the two sources. The film, 
however, has no power of adaptation and will show the full colour differ- 
ence in its reproduction of those parts of the subject which are illuminated 
by a light source differing in colour quality from that for which the film 
is balanced. 

The colour temperature, or the effective colour temperature, of a light 
source has a most important bearing on this whole subject, and a full 
appreciation of colour temperature is essential to the proper understand- 
ing of lighting problems in colour work. Some further information is 
given in Data Sheet CL-5—-Colour Temperature. 


Subject contrast 


At first glance, subject contrast might be considered as a property of the 
physical subject matter in front of the camera lens. For example, if a 
man is wearing a white shirt and a dark suit, it can be generally assumed 
that the shirt will reflect, say, eight times as much light as the suit, and 
these can be taken to be the lightest and darkest objects in which detail 
must be reproduced, of the subject under consideration. This subject 
contrast ratio of 8:1 is also the reflectance ratio. However, the actual 
subject contrast must take into account a very important additional 
factor—the lighting contrast. This can be defined as the ratio between 
the highest and the lowest amounts of illumination falling on the principal 
subject. 

With a simple type of subject involving the use of only two lights, one 
might be placed at the same distance from the subject as the camera, but 
on a line forming an angle of about 45° with the camera axis, and another 
light of equal strength close to the camera. This would be called the 
“fill-in” light because it would partially fill-in with light the shadows 
caused by the other light—normally called the main light. If the main 
light were used alone, although it would cause shadows which would 
delineate the contours of the subject, these shadows would be in most 
cases so very dark as to obscure some of the important detail of the subject. 
The use of a fill-in light avoids this without causing irritating cross-shadow 
effects. 

With this particular lighting arrangement, involving two lights of equal 
strength used at the same distance from the subject, the areas illuminated 
by both lights would receive two units of illumination, while the areas 
illuminated only by the fill-in light would receive only one unit. Thus 
the lighting ratio would be 2:1. If the main light were replaced by 
another light twice as strong as the fill-in light, areas illuminated by the 
fill-in light would still receive only one unit of iJlumination, while the 
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areas illuminated by both lights would receive three units. In this case 
the lighting ratio would become 3:1. 

The subject contrast can thus be described in terms of the brightness 
range which the film must reproduce. With a lighting ratio of 3:1, an 
area of our subject’s white shirt, which is illuminated by both lamps, will 
be eight times as bright as the corresponding area of his suit, and twenty 
four times as bright as that area of his suit illuminated only by the fill-in 
light. The overall subject contrast therefore can be defined as the pro- 
duct of the reflectance ratio of the subject (8:1) and the lighting contrast 
ratio (3:1); in this case the product is 24:1. Since the reflectance ratio 
is established by the nature of the subject, it is apparent that the lighting 
offers, usually, the only practical control of contrast. 

In monochrome work it is well-known that special care must be taken 
in lighting if detail is to be reproduced in both black and in white objects 
in the same picture. With colour work, a very much greater control 
must be exercised in order to allow as large a range of brightnesses as 
possible to be accepted by the film; a softer basic lighting is necessary. 
Light-coloured and dark-coloured objects cannot be reproduced success- 
fully in the same transparency unless the lighting is adjusted to offset the 
more extreme differences in tone. If this is not done, dark areas will be 
too dark, and off colour balance, while the light areas will be ‘‘burnt-out” 
and will lack colour and detail. In general, the Jighting ratio should not 
be greater than about 3:1. The use of higher lighting ratios for special 
effects should be undertaken only after considerable experience has been 
gained with the use of relatively soft Jighting. However, if the reflectance 
range of the subject is low, a correspondingly higher lighting ratio, perhaps 
4:1, can be used without exceeding the overall subject contrast range 
which the particular film is capable of accepting. In a colour picture, 
however, colour contrast accomplishes a part of the subject delineation 
which must be secured through tonal contrast alone in monochrome work. 
It is for this reason that high-contrast lighting is seldom necessary for 
brilliant results in colour photography. 

Studio work, where the variation in lighting contrast is under the direct 
control of the operator, has been considered principally in the paragraphs 
overleaf. In outdoor work, the sun can be considered as the main light 
and the sky as the fill-in light. On a clear day the ratio of sunlight to 
skylight is frequently too high for satisfactory detail in both shadows and 
highlights, especially with nearby subjects which are lit either from the 
side or from behind. In such cases the lighting contrast can be reduced 
by supplementing the natural skylight illumination of the shadow areas 
either with blue flash bulbs (which approximately match daylight in colour 
quality) or with reflectors to direct the sun into the shadows. On a hazy 
day, the natural lighting is softer, and supplementary lighting is seldom 
necessary. 


Exposure accuracy 

Compared with monochrome materials, reversal colour films have 
much less exposure latitude. Lens and shutter settings must therefore be 
determined with a correspondingly greater degree of accuracy. Full 
details and recommendations may be found in Data Sheet CL-6— 
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Exposure in Colour Photography, and in the Data Sheets on ‘Ektachrome’ 
Film—FM-1, and ‘Kodachrome’ Film—FM-2. 


Colour perception 


Colour pictures occasionally show colours which appear faulty to an 
observer inexperienced in colour photography, but which were actually 
present, unnoticed, in the original scene. In judging results the photo- 
grapher is frequently unable to make a direct comparison of the picture 
with the subject. Instead it is compared with a mental picture of how the 
subject appeared when it was photographed. Colours may be found in a 
transparency or print which were not noticed in the original scene. These 
colours are due largely to the effects of the lighting conditions or the 
surroundings. 

An example is a snow scene photographed in bright sunlight under a 
clear blue sky. Although it might be assumed that shadows on white 
snow should be neutral in colour, they actually record with a bluish tint. 
They appear so because the light reaching them comes largely from the 
blue sky. 

Another example is a colour picture of a subject which was photo- 
graphed outdoors in the early morning or late afternoon. The colour of 
sunlight at these times is quite orange and as a result the picture is too 
warm in colour. Although this may occasionally be desirable to produce 
special effects, it can produce most unsatisfactory results if a normal 
rendering is required. 

However, if the coloured surroundings which influence the colour 
of a subject are included in the picture area, the result will seem more 
natural because the reason for the unexpected colour will be evident. 

There are two reasons why such colour effects are more difficult to 
recognise in viewing the original subject than in viewing a reproduction 
of the subject in the form of a colour photograph. First, the visual image 
of a subject is commonly thought of as being characteristic of the subject 
under all circumstances, and no change is expected. Second, in viewing 
the original scene the eye tends to reduce the effect of light of a disturbing 
colour by adapting itself to it in a way quite beyond the power of the colour 
film. Photographic workers should therefore train themselves to detect 
unwanted colour effects in the original scene, and take steps to prevent 
their appearance in the colour picture. In this way a better appreciation 
of colour will be gained, and a better ability to assess the final picture prior 
to exposure, so that the picture will be taken in the most favourable light- 
ing and surroundings. 

The foregoing paragraph should not be interpreted as indicating that 
‘Kodak’ colour films will provide a perfect reproduction of the colours of 
the light which is reflected from a subject into a camera lens. If critical 
measurements be made on really excellent colour photographs, consider- 
able differences will be found between their colours and those of the 
original subjects. There is no available process of colour photography 
which can give entirely accurate and repeatable reproduction of colour. 
‘Kodak’ colour films, when properly used, give satisfactory colour render- 
ing for their intended purpose, but it is not possible, at present, to design 
materials which are suitable for the making of precise colour records, or 
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for matching or measuring colour. Further, since the reproduction of a 
physical subject by means of a colour transparency or print involves 
psychological factors inherent in the observer, a colour photograph can 
never be perfect in any simple sense. 


Colour harmony 


Colour harmony may be defined as the systematic arrangement of 
colours to produce a pleasing effect. It is very complex and is largely 
subject to personal taste. However, some general suggestions can be 
offered. 

Most outdoor scenes display good colour harmony, probably because 
the mind has grown to accept the colour combinations of nature as pleas- 
ing. Indoors many of the colours—backgrounds and other properties— 
are under the control of the photographer and it will usually be found 
that the most pleasing photographs are those in which only a limited 
range of colours is used. The use of relatively unsaturated colours will 
frequently add to the naturalness of colour pictures. In all cases, care 
in the selection of these colours which can be controlled, is of great 
importance and value. 

In illustrative work, where the principal subject will frequently dominate 
the picture by virtue of its size and shape, regardless of the colour scheme, 
dramatic effects can be obtained by surrounding the subject with com- 
plementary colour, while small touches of related colours will soften the 
severity of the bolder contrasts. However, large areas of harsh brilliant 
colours should be avoided because they are seldom pleasing, either in the 
original scene or in a colour photograph. 

Colour photography allows full scope to originality and individual taste. 
Endless ideas can be found for effective colour schemes in paintings, 
printed and woven fabrics, interior decoration and in the purely accidental 
combinations that occur in everyday life. The effectiveness of a given 
colour scheme depends not only upon the colours themselves, but also 
upon their relative sizes and their distribution within the picture area. 
The textures of the coloured surfaces may also be important as they can 
give rise to different colour renderings under different lighting arrange- 
ments. The ease with which a colour picture is composed is, to a great 
extent, the result of experience and observation, but no colour scheme can 
be entirely preconceived. There may always be some adjustment needed, 
or a shifting of the elements until the subject looks right. 


Colour blindness 

A comparatively large proportion of the population suffers, to some 
extent, from defective colour vision. Some authorities quote figures of 
8 per cent. for men, and 0-4 per cent. for women, as being more or less 
colour deficient. A very much smaller percentage are afflicted to such a 
degree that it is dangerous for them to engage in occupations requiring 
the proper recognition of coloured signal lights or similar devices. These 
serious cases can usually be identified easily by the appropriate colour test 
charts. Some individuals see one part of the spectrum as grey, while 
others see another part as grey. Still more merely experience difficulty 
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in distinguishing and naming colours. In many cases the deviation from 
normal colour vision is so slight that it is never recognised. 

There is no reason why the majority of people who suffer some colour 
deficiency should not engage in colour photography. In serious cases, 
however, the individual control allowed in exposing and processing may 
lead to results which are not acceptable to those having normal vision. 


Kodak, Ektachrome and Kodachrome are trade marks 
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COLOUR PHOTOGRAPHY BY ARTIFICIAL LIGHT 


THE making of a colour photograph of professional quality in a studio 
requires familiarity with a variety of artificial light-sources, lighting equip- 
ment, and related matters. Indoors, there is also the necessity for a 
lighting technique which can show any given subject to its best advantage. 
For example, the exact placing of the lights may depend on the texture of 
the subject as well as on the purpose for which the resulting picture is to be 
used. The amount of diffusion to be used also may depend on the 
reflection factor of the subject and on the degree of colour saturation 
desired, and considerable time can usually be saved by using practical 
recommendations instead of proceeding by trial and error. 

A knowledge of lighting principles, combined with a familiarity with the 
equipment to be used, allows a picture to be planned before it is actually 
taken. 


LIGHT-SOURCES 


The lighting equipment used for monochrome photography is generally 
suitable for colour work, although attention must be paid to the proper 
choice of lamps and to the control of lamp voltage, and off-colour reflectors 
or greenish condenser lenses should be replaced to avoid their adverse 
effect on the colour quality of the illumination. 

The two most important points concerning light-sources for colour 
photography are their light output and their colour quality. 


Light output 


The amount of light from a source depends upon many factors, the most 
important being the nature of the illuminant itself, that is, whether it is an 
incandescent solid, a gaseous discharge lamp, a fluorescent surface, or 
burning shredded metal foil or wire. With tungsten lamps, the amount of 
light emitted depends not only upon the rated wattage and voltage, but 
upon the voltage at which the lamps are operated. If lamps receive, say, 
235 volts instead of their rated 240 volts, some 14 per cent. of their light 
output is lost. 


Colour quality 


The colour quality of a light-source depends upon the conditions of use 
as well as the nature of the illuminant. For visual purposes, it is evaluated 
in terms of the colour of a perfect radiator or black body heated to a certain 
temperature in the Kelvin scale. When the light-source visually matches 
the black body in colour, it is said to have a colour temperature equal to the 
actual temperature, in degrees Kelvin, of the black body. The colour of 
light is bluer with higher, and more yellow with lower colour temperatures. 

The colour temperature of a given tungsten lamp changes rapidly with 
voltage fluctuations, rising with higher, and falling with lower voltage. For 
example, the colour temperature of a tungsten lamp designed for operation 
at 240 volts rises or falls about 5° K. for each increase or decrease of one 
volt. 
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Variations of less than 100 K. on subjects having no large areas of near- 
neutral colour, normally do not produce a serious change in colour render- 
ing, but on subjects with important neutral areas a shift of 50° K. can be 
noticeable. Under practical conditions, the line voltage applied to a lamp 
can vary considerably from its rated value, and it may be far too low during 
hours when electrical facilities are subject to heavy load. 

Light of the correct colour quality for any particular colour material is 
best secured by operating lamps at exactly their rated voltage, and in order 
to achieve this it is normally necessary to install some form of voltage- 
control equipment. The voltage applied to the lamps should always be 
measured, under normal load, with a reliable voltmeter. Wiring and 
other electrical equipment should always be of an ample rating, in order to 
avoid danger of overheating and significant voltage drops in the leads. 

When it is not possible to run lamps at their proper colour temperature, 
correction can be obtained, within a reasonable range, by the use of an 
appropriate filter. Complete information on the use of Kodak ‘Wratten’ 
Light-Balancing Filters and ‘Kodak’ Colour-Compensating Filters is 
given in Data Sheets CL-3 and CL-5, and specific filter information is 
given in the instruction sheets packed with certain colour films. 


Except for special effects, lights which are appreciably different in colour 
quality should not be mixed for any one exposure. In viewing the original 
scene the eye adapts in such a way that colour differences between two 
light-sources tend to be minimised; the colour film, however, has no such 
powers of adaptation and shows the full colour difference between parts of 
the subject illuminated by light-sources of sufficiently dissimilar colour 
temperature. Correction cannot be made by the use of filters over the 
lens, as any filter which compensates for one light-source will change the 
effect of the other. 


When first used, 3200° K. lamps are slightly bluer than they should be; 
they have a higher colour temperature. Near the end of their lives all 
tungsten lamps are slightly yellower, and have a lower colour temperature 
than when new. However, for practical purposes they can be considered 
as having the required colour temperature, irrespective of age, except for 
the most critical types of work. 


Light-sources for ‘Ektachrome’ Sheet Film, Type B, and ‘Kodachrome’ 
Film, Type A 


The filter recommendations in the various sections below are given in 
tabular form in the Appendix to Data Sheet CL-3. 
3200° K. Lamps: ‘Ektachrome’ Sheet Film, Type B, is balanced to give a 
normal rendering of a subject with the illumination provided by lamps 
manufactured to give this colour temperature when operated at their rated 
voltage. Such lamps are the Argaphoto, Photopearl, or Pearl Photo- 
graphic 500-watt lamps. This light source may be used with ‘Koda- 
chrome’ Film, Type A, when a Kodak ‘Wratten’ Filter No. 82A is used 
over the camera lens. 


Photoflood Lamps: Photoflood lamps can be used with ‘Ektachrome’ Sheet 
Film, Type B, but they are not particularly recommended because of their 
relatively short life, and because their colour temperature (approximately 
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3300° to 3400° K.) changes more rapidly, and to a greater extent, than that 
of the 3200° K. lamps. However, satisfactory colour rendering with 
‘Ektachrome’ Film can usually be obtained by the use of a Kodak ‘Wratten’ 
Filter No. 81A. 


‘Kodachrome’ Film, Type A, is balanced for exposure to light having a 
colour temperature of 3300° to 3400° K. With Photoflood lamps, there- 
fore, no filter is required. 


Other Tungsten Lamps: These may also be used; a table in the Appendix to 
Data Sheet CL-5 shows the Kodak ‘Wratten’ Light-Balancing Filters 
recommended for the conversion of a range of colour temperatures to both 
3200° and 3400° K. 


Flashbulbs: The use of flashbulbs is called for in many situations not only 
on location but also in the studio. For example, an application is that of 
close-ups in which great depth of field is required: intense illumination is 
frequently needed so that small lens openings can be used. 


Clear wire-filled or foil-filled flashbulbs emit light having a colour 
temperature of approximately 3800° K. However, for various reasons this 
figure should not be used to assess the filter necessary for the obtaining ofa 
good colour rendering. The Kodak ‘Wratten’ Filter No. 81C is normally 
recommended and should be used as a basis for trial for both ‘Ektachrome’ 
Sheet Film, Type B, and ‘Kodachrome’ Film, Type A. 


Warm-White Fluorescent Tubes: These illuminants are not normally 
recommended for the making of colour photographs, but they may be 
encountered as part of the lighting system of buildings, etc., which must be 
photographed. The filter combination which will give the best colour 
rendering is the ‘Kodak’ Colour-Compensating Filters CC-20R plus 
CC-05R, for ‘Ektachrome’ Sheet Film, Type B, and CC-30M plus 
CC-10Y, for ‘Kodachrome’ Film, Type A. 


Light-sources for daylight-type films 

Although primarily intended for use out-of-doors, daylight-type colour 
films are occasionally used for indoor work with xenon-filled electronic 
flashtubes, with blue flashbulbs, with Colour-Matching, Northlight or 
Daylight fluorescent tubes, and with white-flame carbon-arc lamps. 


Electronic Flashtubes: These lamps produce a brilliant flash of extremely 
short duration, having a colour quality only a little cooler than that of day- 
light. The duration of the flash is usually less than one-thousandth of a 
second, and pictures made by this means can be critically sharp, showing 
none of the blur often associated with pictures of rapidly moving subjects 
taken with most other light-sources. The lamps can be used efficiently in 
many types of illustrative photography, in many applications of photo- 
graphy which employ live or moving subjects, and in portraiture. The 
recommendations for the use of this light-source with Ektachrome’ Sheet 
Film, Daylight Type, are given in the supplementary instruction sheet 
packed with the film. For ‘Kodachrome’ Film, Daylight Type, a trial 
should be made using the Kodak ‘Wratten’ Filter No. 81B. 


Blue Flashbulbs: These illuminants are used primarily for supplementing 
daylight by illuminating under-lit shadows. Indoors, also, they can be 
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used as a supplementary source, usually by means of an open-flash 
technique. 


Fluorescent Tubes—Colour-Matching, Northlight or Daylight: These 
illuminants are not normally recommended for colour photography, but 
can be used satisfactorily with daylight-type films and particular Colour- 
Compensating filters. With ‘Ektachrome’ Sheet Film, Daylight Type, the 
Colour-Matching or Northlight tubes can be used with a ‘Kodak’ CC-05B 
Filter; the Daylight tubes can be used with a combination of the ‘Kodak’ 
CC-05M plus CC-05B Filters. With ‘Kodachrome’ Film, Daylight 
Type, the Colour-Matching or Northlight tubes can be used with a 
‘Kodak’ CC-20B Filter; the Daylight tubes can be used with a combina- 
tion of the ‘Kodak’ CC-30M and CC-10B Filters, but although this gives 
acceptable results there is some loss of green saturation. 


Arc Lamps: These lamps vary considerably in their energy distribution, 
but in general, the high-intensity, white-flame, carbon-arc variety approach 
daylight in colour quality, and can be used for exposing daylight-type films. 
The use of a ‘Kodak’ CC-40Y Filter is recommended for both ‘Ekta- 
chrome’ and ‘Kodachrome’ films of daylight type. 


LIGHTING PRINCIPLES 


In most indoor lighting arrangements there is a dominant light providing 
the principal illumination on the subject, and giving it form. In addition, 
the shadow side of the subject is illuminated separately in order to retain 
sufficient shadow detail in the photograph. In this Data Sheet, the 
dominant light source, or key light, is referred to as the main light, while 
the illumination used to lighten the shadows is termed the fill-in light. 


This recommendation derives from the fact that during his time on earth 
man has been accustomed to view objects lit, principally, by one dominant 
light-source—the sun. Consequently, pictures which show the effects of 
two or more prominent light-sources are often somewhat disturbing to the 
observer, even though the reaction may be entirely an unconscious one. 

The rule of the main or dominant source controls many aspects of 
lighting a subject for colour photography. For example, if a reel of cotton 
on a table is being photographed, there should be only one shadow cast, not 
two or more distinct ones. Achieving this effect means perhaps that an 
undiffused spotlight may be selected as the main light, and that one or more 
diffused floodlights will be used for the fill-in illumination to keep the 
shadow side of the reel from becoming too dark. It is likely also that the 
fill-in light should be positioned fairly low, even at the level of the table, to 
ensure that the shadow cast should not be objectionably apparent. 


The secondary shadow cast by glancing too strong a backlight off a 
model’s face, when the face is essentially lit from the front, is in violation of 
the above rule; for the same reason an over-lit background is a disturbing 
aesthetic element. 

A comparison of the intensity of the main light alone with that of the 
fill-in light alone is sometimes referred to as the lighting ratio. In terms 
of photographic results, however, it is more realistic to compare main 
light plus fill-in light with the fill-in light alone. The term lighting ratio 
is, therefore, used in this latter sense in these pages. 
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Basic lighting contrast in any colour process should be fairly soft, but 
this does not mean that it is limited to flat, uninteresting, lighting tech- 
niques. It does mean, however, that modelling effects should be achieved 
with lower lighting ratios than those used with a similar subject when 
using monochrome materials. In colour work, much of the separation 
between various parts of the subject may be provided by colour differ- 
ences. In these cases particularly, lighting effects should be used in a 
subtle fashion, otherwise the tonal contrast may be excessive. 

Effective lighting depends both upon the lighting ratio and the lighting 
distribution, and both these aspects should be checked before exposures 
are made. 


Lighting ratio 

The lighting ratio should not be excessive. The permissible ratio is 
somewhat flexible, depending on the colour contrast, the extent of the light 
and dark areas in the subject, and the use to which the final transparency is 
to be put. In general, it should not exceed 3:1 for average subjects; with 
subjects which do not contain a wide range of reflectances a ratio of 4:1 
can be used. 


These figures usually give the best results, particularly for the making 
of colour prints by either photomechanical or photographic processes. 
With transparencies intended only for projection or viewing on an illumin- 
ator, a somewhat higher lighting contrast can sometimes be tolerated, as a 
transparency can accommodate a greater range of tone values than any 
type of reflection colour print. 


When special effects are desired, much higher lighting ratios can be 
used, and a ratio of 10:1 is not uncommon in illustrative work. However, 
considerable experience is required to obtain exactly the intended effect 
when such extremes of lighting are used. 


An aspect which should be appreciated in all colour photographic work 
is that shadows are reproduced much darker than they appear to the eye at 
the time the picture is taken. Thus, detail in shadows tends to be lost 
unless the lighting contrast is kept fairly low. As the main light is moved 
towards the camera axis, however, the shadows become smaller and less 
important, and, therefore, a higher lighting ratio can be tolerated. 

The following is a specific example of lighting a simple set to a given 
ratio. A main light is placed at an angle of 45° to the camera-subject axis, 
somewhat higherthanthe camera. The fill-in lightis placed onthe opposite 
side of, and close to, the camera, at the same distance from the subject as 
the main light. Assuming that both lights are of equal strength then the 
areas illuminated by both lights will receive two units of illumination, 
whereas the areas illuminated only by the fill-in light will receive one unit. 
Thus, the lighting ratio will be 2:1. Ifthe main light is twice the intensity 
of the fill-in light the areas illuminated only by the fill-in light will still 
receive only one unit of illumination, but areas illuminated by both lights 
will receive three units; the ratio will, therefore, be 3:1. 

In the case of a more complex lighting arrangement the lighting ratio 
can be checked by using an exposure meter. Meters capable of measuring 
incident light can be used direct, while reflected-light meters should be 
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used to measure the light reflected from a standard test card held close to, 
and in front of, the subject so that it receives all the light which the subject 
would receive. When the main light plus fill-in light is to be measured, 
the incident-light meter, or the test card, should be turned to the position 
which gives the maximum reading. All lights should be on if an incident- 
light meter is used, but if a test card is used with a reflected-light meter, 
any back or side lights which might influence the meter directly should be 
switched off. When the fill-in illumination is being measured, the 
incident-light meter, or the card, should beturned towards the camera 
lens, and the main light should be switched off. 


The test-card technique is an indirect method of obtaining comparative 
readings of illumination or incident light. The card should be large 
enough to fill the acceptance cone of the exposure meter, and should have a 
matt surface; its actual reflectance value is not important for this use, as 
the readings are only comparative. The meter should be held not more 
than 6 inches from the card when readings are being made, but care should 
be taken not to allow shadows to be cast which might influence the 
readings. 


Lighting distribution 

Adequate illumination should be provided over the entire scene area. 
The best procedure for checking this is to use an incident-light meter 
aimed at the camera to make direct readings, or a reflected-light meter to 
read the light reflected from a white or grey card held facing the camera, 
as described above. 


The meter reading should be the same, both at the subject position and 
near any unshadowed area of the background, assuming that normal 
brightness of colour in the background is desired. Fora group picture, the 
meter reading should be the same in front of each member of the group. 
For a full-length portrait, illumination at the feet should be only slightly 
less than that at the head. 


LIGHTING COMMERCIAL SUBJECTS 


If it is required to take a photograph of, for example, a plate of freshly 
baked biscuits the photographer must have a fairly definite idea of how 
best to light this particular subject so as to show them in the final picture 
as being light of texture, fresh, and looking as real and as natural as 
possible. These requirements should be correlated to the types, intensi- 
ties and positions of the lighting units in the particular studio. To 
delineate the shape of the biscuits or to emphasise their form, they may be 
back-lit by a main light at about 135° from the camera-subject axis, and lit 
with a fill-in frontal light of about one-third of the intensity of the main 
light; to show their texture properly the main light may be a spotlight 
positioned fairly low so as to strike the surfaces at a low angle of incidence; 
to retain the fresh, crisp appearance of the colour it may be used without 
diffusion. Some minor adjustments of the light positions may have to be 
made, but the basic lighting technique should be preconceived for each 
subject. 
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This type of approach obviously pre-supposes a certain amount of know- 
ledge of lighting principles, of colour, and of photography in general. In 
industrial and commercial colour work the subject is usually determined by 
the client, and the main problem to be faced by the photographer is the 
lighting of the subject to provide a result satisfactory to the client. 


Although lighting for colour photography should usually be fairly soft, 
low-contrast lighting does not always give the most desirable result. 
Specific lighting recommendations are determined by the nature and type 
of the subject, and as no two subjects are exactly alike, the lighting arrange- 
ments used by the photographer must vary from one set to another. 
However, there are a number of principles that should be used as a guide 
to the placing of the various lights. 


The perception of depth 


An illustrative colour photograph owes much to the successful illusion 
of depth in the picture it depicts. Just as the apparent shape of objects is 
influenced by the camera angle, so the illusion of depth is determined to a 
large extent by the way the subject is lit. Basically, high contrast heightens 
the illusion of depth; this contrast can be due to either high lighting con- 
trast or high photographic contrast. However, the usual aim is for normal 
contrast, which means the most effective or pleasing separation of import- 
ant subject tones, without unpleasingly distorted values. Since the 
photographic contrast of colour film is fixed during manufacture, it is up to 
the photographer to arrange the lights to obtain the maximum illusion of 
depth in the reproduction. The arranging of the lights for this purpose 
involves two points: (1) the main light should be placed to the side of the 
subject or somewhere at the back of it, and (2) the ratio between the main 
light or lights and the fill-in light or lights should not be too low, but this 
does not mean that the lighting should be made contrasty in an effort to 
avoid flatness. Rather does it mean that all the allowable contrast should 
be used in order to make the subject appear as round and lifelike as 
possible. For most purposes a 3:1 lighting ratio is recommended, as 
explained on page 5. 

Although it is important to achieve a moderately contrasty lighting ratio, 
it is even more desirable to position lights properly in relation to the planes 
of each particular subject. To show as much depth as possible, each 
different plane of the subject should be illuminated so as to have a different 
tonal value, but the subject contrast ratio should not be higher than the film 
can reproduce satisfactorily. Side lighting is usually recommended for 
achieving roundness; it is easier to light the subject planes differentially 
with a sidelight than it is with a front light. For example, a ball appears 
more round if a sidelight is used as the main source than if it is lit solely 
from the front. 


Effects of brightness constancy 

As was mentioned earlier, shadow areas of a scene invariably reproduce 
darker than the eye originally evaluated them. The eye performs the 
same trick with a background as it does withashadow. It makes the back- 
ground in a studio appear as though almost as much light were falling 
upon it as upon the subject, although this may be far from the case. 
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This important effect is based on the fact that colour film has a fixed 
sensitivity, while the eye has not. The eye increases or decreases its 
sensitivity as it looks from one part of ascene to another. For example, its 
sensitivity changes when it looks from the well-lit foreground of a subject 
to the under-lit background, and sees them as much closer in brightness 
than they really are. However, a photograph will show a greater differ- 
entiation than is apparent visually, and to compensate for this a flatter 
lighting will be required than would appear necessary from a visual assess- 
ment of the scene. With backgrounds, care should be taken that they are 
lit to about the same level as the subject, except when special effects are 
required. This misleading behaviour of the eye becomes increasingly 
important as the size of the set is increased, and particular care should be 
taken in fashion, illustrative and architectural interior photography, and 
on any other occasion when a large set is being used. 


Diffusion 


The control over colour saturation is an important aspect based upon 
the principle that the saturation of a colour increases when surface 1eflec- 
tions are decreased or removed. For example, if a glazed porcelain object 
is photographed in a luminous tent, no specular reflections will be visible, 
as the entire luminous area surrounding the subject is reflected from all the 
subject surfaces. The surface colour is, therefore, diluted with reflected 
light, and is consequently desaturated. 


By the same reasoning the colour can be made considerably brighter if 
the object is illuminated by spotlights. The more shiny the surface the 
more pronounced the effect. For objects having a very glossy surface, the 
size, shape, position, and character of the light-sources determine, to a 
large extent, the appearance of the surface. 


The most important studio application of completely diffused lighting is 
in the photographing of polished metal surfaces. The problem normally 
is that polished metal acts as a mirror, and the reflections of the light 
sources are seen as irregularities in its surface. Similarly, dark areas in the 
surroundings are seen as unnaturally dark markings in the surface. Both 
these effects tend to be highly obtrusive, and to interfere with the proper 
delineation of the object. 


To reproduce the visual impression of a polished metal object there 
must be created in the studio the equivalent to daylight on an overcast day. 
This normally means that the object will probably have to be nearly 
surrounded with diffused light-sources. In practice, these are usually 
indirectly illuminated reflecting surfaces of white card, paper or some 
other suitable material. Carefully positioned gaps may be left in this 
tenting arrangement to produce dark areas; if and as these are wanted on the 
subject, strips of dark material can also be attached to the inside of the tent. 


In photographing metal surfaces, colour saturation is not normally a 
problem. Metal which is not neutral in colour has the unusual property of 
reflecting coloured light from its front surfaces without the surface 
penetration of light normally required to produce a coloured effect. For 
example, a piece of polished brass illuminated by white light reflects 
nothing but yellow-orange light, although specular highlights may be 
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reproduced as white because of the large quantities of light reaching the 
colour film from these areas. 


Separation of tones 


Aesthetically, to increase the perception of depth in a colour photograph, 
there is almost as great a need for separating object planes with lightness 
differences in colour, as there is in monochrome photography. As a 
practical illustration of this concept, the case may be considered of the 
taking of a picture of a pastel yellow carton against a pastel blue back- 
ground. If a flat front lighting were employed with the background 
illuminated similarly to the subject, and the photograph were made with 
monochrome material, there would be an unsatisfactory separation of tones 
between the carton and the background. The remedy would be to use 
proportionately more or less light on the background than on the carton, 
to use a spotlight from behind the carton to give a highlight on the carton 
top, or to use filters capable of giving a greater colour differentiation. 
With the same scene in colour, however, the hue difference will separate 
the box from the background, but the lighting of the scene will probably be 
improved considerably if the box is suitably highlighted from behind to 
add a lightness differentiation. 

As a general rule it is helpful to arrange the lighting on any set so that 
from a lighting aspect it would make an outstanding monochrome photo- 
graph. The additional requirements of lighting for colour photography 
should then be added. These requirements can usually be met by check- 
ing the lighting ratio, and by ensuring that the total illumination at each 
point in the set is adequate. 
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COLOUR PHOTOGRAPHY AND THE HUMAN EYE 


THE photographic camera has often been said to be similar to the human 
eye. Both consist of a light-tight chamber in which an image of part of 
the outside scene is formed by a lens on to a light-sensitive surface, and 
both control the intensity of this image by an iris diaphragm. Similarly 
the modern, three-layer, colour film may be said to be similar to the retina 
of the eye, in that both record all colours in terms of three variables only. 
But the similarities are confined to a few broad principles only, and the 
differences between colour film and the retina are numerous and important. 

If the colour film “saw” colour in exactly the same way as the eye, it 
would be expected to reproduce all the colours in any scene so that they 
appeared to be of exactly the same hue, saturation, and lightness as the 
originals. Patches of colour have only to be recorded on colour film, 
and the results compared side by side with the originals, to see that large 
discrepancies occur. The reasons, and the importance of these, are here 
discussed in some detail. 


THE CAUSES OF INCORRECT COLOUR REPRODUCTION 


The knowledge of the way in which the retina responds to light of 
different colours is in many ways incomplete. But it is generally agreed 
that there must be three different types of receptor: one type mainly 
sensitive to orange and red light, another mainly sensitive to green light, 
and a third mainly sensitive to blue light. Moreover, from various 
experiments on colour matching,’ the spectral sensitivity curves of these 
three types of receptors are known approximately, and are as shown in 
Figure 1, where the three sensitivities, 8, y, and p are plotted against 
wave-length. When light of any colour falls on the retina, the different 
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sensitivities of the three receptors result in three signals, 8, y, and p being 
sent to the brain, and if, for instance, the p signal is larger than the other 
two signals, then a reddish sensation will be experienced; if the y signal 
is the largest, then the sensation will be greenish, and so on. 


If the three layers of the colour film had sensitivity curves closely 
matching those of the eye, then it might be assumed that correct colour 
reproduction must necessarily result. But three layers of photographic 
emulsion are only capable in themselves of producing monochrome 
images; the colour has to be put into the system elsewhere. The simplest 
way of doing this, from the theoretical standpoint, is to strip the three 
monochrome negative images apart, print (with perfect tone reproduction) 
monochrome positive transparencies from them, and insert these in three 
separate projectors, one of which is fitted with a blue filter, another with 
a green filter, and the third with a red filter. If the red filter is chosen 
so that the light transmitted by it affects only the p-receptors of the eye, 
the green filter only the y-receptors, and the blue filter only the 8-receptors, 
then, on superimposing the three images on a screen, exact colour repro- 
duction will result. Instead of the colours of the original scene producing 
their appropriate p, y, and 8 signals, they have produced areas of photo- 
graphic density on the positives in the projectors such that at each point 
the transmission is proportional to the p, y, or 8 signal, as the case may be. 
Hence, light from the red lantern produces the correct p signal at each 
point in the picture, that from the green lantern the correct y signal, and 
that from the blue lantern the correct 8 signal. The eye receives the 
same signals, p, y, and f, from the reproduction as it would from the 
original. 


In order for the above state of affairs to obtain, it is essential that: 

(a) the three layers of the film should have the sensitivity curves, B, 
y, and p; 

(b) perfect tone reproduction be achieved in the positives, and 

(c) the blue, green and red filters in the three projectors be such that 
they stimulate respectively only the B-receptors, only the y-recep- 
tors, and only the p-receptors of the eye. 


Unfortunately, this last condition is impossible to achieve. If reference 
is again made to the curves of Figure 1, the reason will be obvious. Even 
if light of monochromatic purity is used in the three lanterns, it is only 
possible for the red lantern to meet the requirement. It is seen that 
light of wave-length R, 650 my (or any longer wave-length), stimulates 
neither the y- nor the f-receptors, but only the p-receptors. However, 
although light of wave-length B, 440 mu, is seen to stimulate chiefly the 
f-receptors, unfortunately the p- and y-receptors also are slightly stimu- 
lated. When a search is made for a wave-length of light which stimulates 
only the y-receptors, none can be found which does so even approximately. 
The best that can be done is to choose the wave-length G, 505 mz, which 
stimulates the y-receptors strongly, and the p- and f-receptors, almost 
equally, to a lesser extent. 


Using the sensitivities shown in Figure 1 for the three layers of the 
film, the three resultant positives are projected in lanterns filtered to give 
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the monochromatic radiations, R, G and B. Any portion of the picture 
which was before reproduced by only red light, will still be correct, for 
the red projector meets the requirement. But wherever the green pro- 
jector is shining, there will be an unwanted excess of p- and f-signals, 
and wherever the blue projector is shining there will be an unwanted 
excess of p- and y-signals. Thus, in general, the three signals in any 
part of the picture will now be more nearly equal to one another than 
before. This means that the colours will be less saturated than they 
should be, and also that changes in hue and brightness will occur. 


However, triple projection with monochromatic light is obviously not 
a commercially practicable method of colour reproduction. 


Subtractive method 


In Figure 2 are shown transmission curves of three so-called “ideal 
subtractive dyes”. The cyan dye absorbs light only in the orange and 
red parts of the spectrum, the magenta dye only in the green part, and the 
yellow dye only in the blue part. By varying the concentrations of these 
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Figure 2. The spectral transmission 
curves of theoretically ideal cyan, magenta 
and yellow dyes 


dyes, so is the amount of light in each of the three blocks of wave-lengths 
varied. If the colour photograph consists, as is usual, of a cyan dye-image, 
a magenta dye-image, and a yellow dye-image, superimposed, then 
assuming the use of these ideal dyes, the colour of the reproduction may 
be regarded as an additive mixture of light of the three blocks of wave- 
lengths. It is clear that the use of these blocks of wave-lengths, rather 
than the monochromatic radiations used previously, will result in still 
further departures from correct colour reproduction. The areas marked 
R, G, and B in Figure 3 show the size of the signals to which the 
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three blocks of wave-lengths give rise respectively, and it can be seen 
that the red block gives rise not only to a p-signal but also to a 
considerable y-signal. Similarly, the green block gives rise to consi- 
derable p- and f-signals as well as the required y-signal, and the blue 
block gives rise to considerable y- and p-signals as well as the required 
B-signal. Hence, using the sub- 
tractive process, even with ideal 
dyes, there is considerable 
desaturation of colours in the 
reproduction, and also errors of 
hue and lightness. 


Further, the ideal dyes of 
Figure 2 are not available in 
practice, and the transmission 
curves of a set of dyes typical 
of those that have to be used are 
shown in Figure 4. It may be 
seen that they do not absorb 
uniformly over the blocks of 
wave-lengths where they are 
supposed to absorb, and that 
they do not transmit 100 per 
cent. of the light in the other 
regions ofthe spectrum. These 
differences add further to the 
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already considerable errors in 
saturation, hue, and lightness 
inherent in the system. 


It has been assumed that the 
three photographic layers have 
had the sensitivities 8, y, and p 
of Figure 1, but in practice this 


condition is also not usually 
met. This is not because it cannot be met—by choosing suitable 
sensitizers and filter layers it can be well enough approximated to— 
but in view of the large number of errors inherent in the system it is 
generally considered advisable to use sensitivity curves more widely 
separated than those of Figure 1, and a set typical of those used is shown 
in Figure 5, which also gives the curves of Figure 1 for comparison. The 
use of such a set results in some increases in the saturation of the colours, 
which helps to counteract the desaturating effect described above, but 
it may also result in additional errors in hue and lightness. 


THE UNIMPORTANCE OF CORRECT COLOUR REPRODUCTION 


It has been explained that the departures from exact colour reproduction 
inherent in colour photography are of a fundamental and, more or less, 
incurable nature. It is necessary, therefore, to consider how important 
such departures are in practice, and in particular whether errors in some 
directions are more important than those in others. Before classifying 
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errors under various headings, however, and weighing their relative 
importance, the way in which colour rendering is judged must be 
considered. 


Mental comparisons 


Colour photographs are seldom compared side by side with the original 
scene. Moreover, very few colour photographs are taken with a view to 
their being seen only by persons who were present at the time of exposure. 
Thus, the majority of the criticisms of a colour photograph come usually 
from persons who did not see the original scene, and whose judgment 
must be based on some mental comparison between what the picture 
looks like, and what they think it ought to have looked like. The precision 
of such mental comparisons will depend entirely on the precision of the 
mental standard used. For instance, if in a colour photograph there was 
depicted a pillar-box, then its colour would be mentally compared with 
the brain’s impression of the usual colour of pillar-boxes. The impression 
will be the average of those given by a large number of different pillar- 
boxes seen on different occasions. And, of course, the colour sensations 
received will have been subject to the considerable variations caused by 
differences in the colour, intensity, and the direction of the lighting, 
whether the surface was wet or dry, dusty or clean, whether the pillar-box 
had been recently painted or not, etc. The impression, therefore, cannot 
be precise; and hence, provided that the reproduction of the pillar-box 
in the colour photograph compares favourably with what a pillar-box 
could look like, it will generally be acceptable.” 

Similarly, all objects of well-known colour give rise to colour sensations 
which are not always the same, and which exhibit quite wide variations. 
It is these variations, therefore, which govern the tolerances available in 
colour photography; they are here considered under the headings, light- 
ness, saturation, and hue. 


Variations of lightness 


Lightness is probably the attribute of surface colours which varies most 
from one point to another over the surface. Any fabric tends to hang 
in folds, and the troughs will be much darker than the crests. Foliage, 
and grass, are subject to wide variations in lightness due to the shading 
of one leaf or blade by another, and due to the difference in orientation 
with respect to the direction of the incident light. Simultaneous contrast 
between a patch of colour and its background will also affect its apparent 
lightness; a given colour will appear much lighter when seen against a 
black background, than when seen against a white background. Conse- 
quently, errors in lightness reproduction are relatively unimportant in 
colour photography, and this is confirmed by the fact that there is a 
considerable range of contrasts over which a colour photograph may vary 
without detriment. 


Variations of saturation 


Saturation also exhibits variations from point to point over a surface, 
especially on any surface having some sheen or gloss. Such surfaces can 
also show large increases in saturation when the type of lighting is changed 
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from diffuse to directional, and it is well known that a scene always looks 
more colourful when the sun is shining than when the sky is overcast. 
The saturation of all colours of distant objects is likely to be decreased 
by atmospheric haze, and sometimes the effect is strong enough to remove 
all sensations of colour completely. Reference has already been made to 
the presence of dust or dirt on surfaces, and while this may result in 
some changes of lightness, the change in saturation will be considerable. 
Wetting a matt surface often results in startling increases in saturation. 
The saturation of the blueness of the sky can vary enormously with the 
direction of viewing relative to the sun, and similar variations occur, of 
course, in the blueness of seas, rivers and lakes. The apparent saturation 
of colours also varies with the intensity of the illumination: for instance, 
at dusk, colours are far less saturated than at noon, and by moonlight 
colour vision has almost ceased, all colours appearing almost completely 
desaturated. 


The use of illuminants of different colours, such as tungsten light and 
daylight, also results in variations in apparent colour,? and in the case of 
blues and yellows the differences in saturation can be considerable. 
Similar effects also occur with different phases of daylight, such as noon 
sunlight, north-sky light and late evening sunlight. Again, simultaneous 
contrast can alter the apparent saturations of colours. A pale colour seen 
against its complementary colour appears more saturated than when against 
a saturated colour of the same hue. It would thus be expected that errors 
in saturation would not be of very great importance. This is borne out 
by the appearance of many water-colour paintings, in which the colours 
are usually quite pale, but which as pictures are often highly successful. 
It seems that rather than requiring exact reproduction of saturation, all 
that is necessary is a reasonable saturation-maximum for each hue, and 
a uniform desaturation of colours of all hues and saturations, since this 
is what normally occurs in the conditions mentioned above. In terms 
of the purity characteristic curve, suggested by a worker in this field,* 
this means that the purity gamma can have a value substantially below 
unity, but that it should have the same value for all hues, and that the 
curve should be linear with saturation. 


Variations of hue 


The third variable in surface colours is hue. Simultaneous contrast 
can cause apparent changes in the hues of colours, but it is clear that 
most of the phenomena described above, which give rise to changes 
in lightness and saturation, do not give rise to any changes in the hues 
of colours. The hues of some objects, however, are quite variable. 
For instance, foliage varies in hue with time of year and with type of 
tree, and nearly all fruits change hue with degree of ripeness, as well as 
being different for different varieties. The colour of flesh varies with 
type of skin, and, of course, with amount of sunburn. There are other 
objects, the hues of which vary, but generally speaking, variations in hue, 
while important, would seem to be more restricted in surface colours 
than variations in lightness and saturation. It is, for instance, easier to 
think of a pillar-box which is a light or a dark red, or a pale or a deep 
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red, than to think of one which is an orange- or magenta-red. 


On this basis, and by experience, an approximate order of priority in 
the requirements, as far as colour is concerned, of a successful process 
of colour reproduction is arrived at, as follows :° 


1. Correctness of hue. 
2. Approximately equal desaturation of colours of all hues. 
3. Approximately proportional desaturation of colours of all saturations. 


By way of illustration of these principles it is a well-known fact that 
in colour reproduction the variable with the least tolerance is the overall 
colour balance of the picture. If the picture is slightly off balance, pale 
colours will undergo violent changes of hue, and it is these which make 
off-balance pictures so intolerable. 


It may be concluded, therefore, that owing to the way in which the 
colours in a photograph are judged, and owing to the large changes in 
colour which well-known objects so often undergo, the discrepancies 
inherent in present-day methods of colour photography can be tolerated. 
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COLOUR-PRINT MAKING WITH KODAK 
‘FLEXICHROME’ MATERIALS 


Tue Kodak ‘Flexichrome’ Process is a method of making prints in full 
colour by applying dyes of various colours to a gelatine relief image. The 
original can be in colour or black-and-white. In fact, a single black-and- 
white negative is the starting point, and this is printed by contact or projec- 
tion on to Kodak ‘Flexichrome’ Stripping Film. The film is then pro- 
cessed to form a gelatine relief image in which the silver is subsequently 
replaced with a black dye known as the “modelling agent”. This black- 
dyed gelatine relief image adheres to a thin surface layer which is removed 
from the original film base and transferred, relief side up, on to a final 
support. Almost any smooth, white, photographic paper (single or double 
weight) that has been fixed and washed makes a satisfactory final support 
for the ‘Flexichrome’ print. 

Processing procedure takes about 18 minutes, and yields a black-and- 
white dye print which is hardly distinguishable in appearance from an 
ordinary silver photographic print, but which will respond quite differently 
to colouring treatment. Kodak ‘Flexichrome’ Colours applied to local 
areas with a brush are immediately absorbed by the image, according to the 
varying thickness of the gelatine relief. Unabsorbed colour is then 
removed by blotting. The print responds semi-automatically to this 
treatment, accepting only a certain amount of the colour applied to its 
surface and modifying it with black to give the appearance of coloured 
objects in light and shadow. Extreme highlights and white areas do not 
accept colour and consequently always remain clear. The applied colour 
gradually removes and replaces the black dye within the image, its effect 
being apparent in the light and middle tones before it shows in the deeper 
shadows. The black remaining in the print plays its proper part in 
establishing tone values, just as it does in nature. The final print shows a 
graded scale of colours ranging from black to white through any given hue. 

The time required to colour a ‘Flexichrome’ print varies considerably, 
depending on the complexity of the picture, the degree of finish required, 
the working speed of the operator, and the quality of the black-and-white 
‘Flexichrome’ relief print. The print accepts colour instantly and dries 
immediately with blotting. Thus the operator is free to proceed from one 
area to another as fast as he can work. 


MATERIALS AND EQUIPMENT 


Processing 


Kodak ‘Flexichrome’ Stripping Film 
‘Kodak’ Tanning Developer Powder ‘A’ 
‘Kodak’ Tanning Developer Powder ‘B’ 
‘Kodak’ Acetic Acid (Glacial) 

Kodak ‘Flexichrome’ Bleach 
‘Kodak’ Acid Fixer Powder 
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Kodak ‘Flexichrome’ Modelling Agent 

Kodak ‘Flexichrome’ Transfer Sheet 

‘Kodak’ Dye Transfer Paper 

Flat rubber squeegee 

Plate glass with smooth edges, slightly larger than print to be made 
(to serve as transfer surface) 

Darkroom equipment used in normal monochrome photography 


Colouring 


Kodak ‘Flexichrome’ Colours (Sets of 10) 

Kodak ‘Flexichrome’ Masking Lacquer 

Kodak ‘Flexichrome’ Print Lacquer 

Kodak ‘Flexichrome’ Print Lacquer Thinner 

‘Kodak’ Spotting Brushes Nos. 00, 0, 1, 2, 4,6. Also sable brushes 

Nos. 9 and 12 of a reputable make 

‘Fotonic’ Photographic (blotting) Paper 

Flat, glazed, white surface for mixing the colours 

Containers for 2%, acetic acid and water 

Flat surface for supporting print during colouring 

Adhesive tape or drawing pins for fastening print to flat surface 


The negative 


Negative requirements: A good original negative is a basic factor in 
success with the ‘Flexichrome’ process. The original must contain all the 
essential form, gradation and definition that is to be seen in the final 
result. The addition of colour to an image cannot restore the gradation 
or definition that may be lacking in an original. 

The result usually desired in a colour photograph is a natural reproduc- 
tion of the original scene as it appears to the eye. However, visual adapta- 
tion effects always operate in such a way that shadows reproduce darker 
than they appeared to the eye at the time the photograph was taken. 
Similarly, uneven distribution of light over the scene area is always more 
apparent in the reproduction than in the original scene. To counteract 
these effects, the scene must be lighted to a lower subject contrast than that 
desired in the reproduction, and care must be taken to secure even lighting 
over the scene area. 

Subject contrast is determined by two factors—the reflectance range of 
the subject, and the lighting contrast (main light plus fill-in light, com- 
pared with fill-in light alone). Since the reflectance range of the subject 
is fixed by the nature of the subject, the lighting contrast provides the only 
practical method of contrast control. 

Because of the limited reflectance range of a paper print in comparison 
with the transmission range of a colour transparency, a restricted lighting 
contrast is even more necessary in the case of a subject to be reproduced 
in the form of a colour print. 

Regardless of the method by which the colour print is to be made, the 
most natural results are obtained by lighting a normal subject with a 
lighting contrast not higher than about 3:1. With subjects containing a 
limited range of reflectances, a lighting contrast of 4:1 is satisfactory. 
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For special effects, higher contrasts can be used, but considerable experi- 
ence is required to obtain exactly the intended effect. 

The necessity for low-contrast lighting does not mean that front light- 
ing only must be used, but that side and back lighting must be controlled 
carefully so that the correspondingly larger shadow areas do not get too 
dark to show detail. Side or back lighting frequently gives more attractive 
results than front lighting of the same subject, because such lighting 
heightens the illusion of depth. 

Brilliant results in colour can be obtained without contrasty lighting 
because colour contrast accomplishes much of the subject delineation 
which must be accomplished solely by brightness contrast in a black-and- 
white print. In general, panchromatic films are better suited to the 
reproduction of colour than orthochromatic films. The Kodak ‘Flexi- 
chrome’ Process is flexible as far as the hue and saturation of the colours are 
concerned, but the brightness range of the subject is more or less fixed 
when the print is made. Consequently, it is necessary to make the print 
from a negative having good gradation in both highlight and shadow areas 
and to develop the stripping film to the contrast which will give a good 
over-all range of tones when the film is transferred to paper. Burnt-out 
highlights and blocked-up shadows are no more attractive in ‘Flexichrome’ 
prints than in other types of colour prints, and in addition, they make the 
colouring process a great deal more difficult than if a start is made with a 
print of good photographic quality. 


Negatives from positive colour transparencies 


To produce a ‘Flexichrome’ print from a positive colour transparency, 
it is first necessary to make a negative on a panchromatic material, prefer- 
ably ‘Kodak’ P.600 Colour-Separation Plate, and then to use that negative 
for printing on to Kodak ‘Flexichrome’ Stripping Film. In making the 
negative from the transparency, it is recommended that the emulsion side 
of the negative should face the emulsion side of the transparency. Then, 
if ‘Flexichrome’ prints are made by contact, the emulsion side of the 
negative can face the stripping film for better definition. This work can 
be simplified and reduced to an almost automatic procedure by establishing 
at the outset a standardized exposure technique and a standard procedure 
for development. 


| Equipment. When making a negative from a positive colour trans- 
parency by enlargement, it is essential that the enlarging lens be fully 
colour-corrected. The ‘Ektanon’ lens for the ‘Kodak’ Specialist Enlarger, 
and the ‘Ektar’ lenses for the ‘Kodak’ Precision Enlarger Model 2, are 
particularly suitable. 


2 Basic Illumination. Set the enlarger to the degree of enlargement that 
best suits the purpose for negatives of the size preferred. Mark this 
position on the enlarger so that it can be re-established whenever negatives 
from colour transparencies are required. Next, set the lens half way 
between the smallest and the largest opening. On most lenses, the setting 
will be about f/8. This opening provides a basic illumination level for 
either enlarging or contact printing. 
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3 Basic Exposure Time. Select a good-quality colour transparency of 
average density range to serve as a standard; then find, by trial and error, 
the exposure time required to produce a good negative from that trans- 
parency. So far as exposure is concerned, a good negative is one that 
shows good detail in both highlight and shadow areas. If the exposure 
time required for the standard transparency is found to be 10 seconds at 
f/8, then 10 seconds may be established as the basic exposure time for all 
transparencies. 

However, there is considerable variation in the density range of different 
transparencies. One transparency may have been exposed in bright 
sunlight under very contrasty conditions, while another may have been 
exposed on an overcast day or with soft illumination. It is recommended 
that the standard transparency be available for reference in judging the 
relative exposure required for other transparencies. Vary the exposure for 
transparencies of different characteristics by opening or closing the lens 
aperture so that the exposure time is held constant. 

The ‘Kodak’ Colour-Compensating Filter CC-50C (cyan) is recom- 
mended for making negatives from ‘Kodachrome’ and ‘Ektachrome’ 
transparencies. The use of this filter improves the rendering of reds and 
yellows. 


4 Development. Develop P.600 Colour-Separation Plate with continuous 
agitation in ‘Kodak’ Developer D.6la diluted one part developer to one 
part water for 3-4 minutes at 68° F (20°C). The development time can be 
varied slightly to modify the contrast of the negative. 

For example, if the density range of a colour transparency is greater 
than the density range of the standard transparency, increase the exposure 
by opening the lens aperture one stop, or more if necessary, and reduce 
the development time. If the density range of the transparency is less 
than that of the standard, decrease the exposure and increase the develop- 
ment time. The standard procedure will, however, be satisfactory for 
most transparencies that are of suitable quality for reproduction by this 
process. 


MAKING THE PRINT 


The negative should then be printed on to a sheet of Kodak ‘Flexi- 
chrome’ Stripping Film, exposed through the film base. The surface 
layer of the stripping film, when stripped and transferred on to paper, will 
then be correctly orientated. Suitable prints may be made from negatives 
with density ranges varying from 0-7 to 1-5; the contrast obtained on 
‘Flexichrome’ Film is controlled by altering the proportions of the two- 
solution tanning developer, with additional control possible by filtering 
the exposing light source. The only other variable is the exposure, which 
is by far the most critical part of the process. 

Excluding drying time, a ‘Flexichrome’ print can be processed in about 
18 minutes. 


Safelight 


The ‘Flexichrome’ Film should be handled by the light from a ‘Wratten’ 
Safelight Series 1 (red) using a 25-watt bulb, or a ‘Wratten’ Safelight 
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Series 1A (medium red) using a 15-watt bulb. The film must be kept at 
least four feet from the safelight, and always handled emulsion side up. 


Exposure 


The exposure must be made through the base of the ‘Flexichrome’ 
Film, that is, with the emulsion side away from the light source. A sheet 
of the black interleaving paper should be left in contact with the emulsion 
side to prevent halation and light scatter. To facilitate subsequent 
handling, the ‘Flexichrome’ Film should be masked during printing to 
obtain a blank border about }-inch wide. For enlarging, the negative 
must be placed in the negative carrier in such a position that the image 
projected on the easel is reversed from right to left. For contact printing, 
it is convenient to expose the stripping film in a printing frame placed on 
the easel of an enlarger, which furnishes a readily controllable light source: 
the negative must appear reversed as seen from the position of the enlarger 
lens. 

For consistent results, the exposing light source should be voltage 
controlled by means of a variable resistance and voltmeter, or a constant- 
voltage transformer. 

A conventional stepped exposure test should be made to determine the 
correct exposure and contrast. 


Criterion of correct exposure 


Exposure is correct when there is a slight veil over all but the highest 
catch lights, and contrast is correct when detail is apparent in the deep 
shadow areas. To avoid flat results, as much contrast as possible should 
be obtained without loss of shadow detail. No attempt should be made to 
colour a print that would not be accepted as having good black-and-white 
quality, with adequate differentiation of both highlight and shadow detail. 


Contrast control 


A two-solution developer prepared from ‘Kodak’ Tanning Developer 
Powder ‘A’ and ‘Kodak’ Tanning Developer Powder ‘B’ is used for 
developing ‘Flexichrome’ Film. Several degrees of contrast can be 
obtained by varying the proportions of the two-solution Tanning Devel- 
oper: as the ratio of Solution B to Solution A is increased, contrast is 


CONTRAST CONTROL TABLE FOR ‘FLEXICHROME’ FILM 


‘Kodak’ Tanning Developer 


Negative 
For development to: density Parts by volume Proportions 


Relative 
exposure 


Very low contrast : 130 
Low contrast : 15 
Normal contrast : 100 
High contrast : 85 
Very high contrast ; 70 





Note. The volumes in the table are sufficient for developing one 8 x 10 inch film. 
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increased. The table on page 5 will serve as a guide in choosing suitable 
developer proportions. Intermediate degrees of contrast are possible by the 
use of intermediate ratios. For instance, a ratio of 1 part A to 2} parts B 
will, in many cases, produce a desirable print with moderate contrast, inter- 
mediate between the normal-contrast and high-contrast levels. 


Some adjustment in contrast can also be made during exposure. The 
following filters, when placed over the enlarger lens, will change the con- 
trast by approximately one of the contrast degrees. 


Filter 
Filter Contrast effect factor 
Kodak ‘Wratten’ No. 8 (yellow) One grade higher 5°5 


Kodak ‘Wratten’ No. 35 (very deep magenta) One grade lower 5°5 


These filters can also be used to extend the range of contrasts available in 
development. Additionally, they can provide a means of compensating 
for contrast differences with different enlargers. Enlargers with bluish 
light sources tend to give flat results, while those with yellowish light 
sources tend to give more contrasty results. Enlargers with diffuse 
illumination (diffusing glasses or reflectors) tend to give flatter results than 
those with specular illumination (condenser type). 


Selection of Contrast Level. The development contrast level selected 
depends on a number of factors, such as the nature of exposing equipment, 
the type of subject, the lighting range, the characteristics of the negatives, 
and personal preference. However, under average conditions, satis- 
factory prints will be obtained from most good negatives by processing for 
the normal level of contrast. With a little experience the proper develop- 
ment contrast may be achieved from a visual inspection of the negative. 
The negative density ranges given in the second column of the table can 
be used as a further guide in determining the proper development contrast. 
The density range is the difference between the densities of the deepest 
shadow and the lightest diffuse highlight in which detail must be repro- 
duced. It may or may not be the same as the density range of a grey scale 
as recorded in the negative. With scenes having unusual brightness 
ranges, such as high-key or low-key portraits, the density ranges in the 


negatives serve only as very approximate guides and must be interpreted 
with some care. 


Exposure Adjustment. Once the correct exposure for one contrast level 
has been determined, the relative exposure recommendations given in the 
last column of the table can be conveniently used to obtain a correctly 
exposed print at any of the other degrees of contrast shown. 


Preparation for processing 


Solution Volumes. Sufficient processing solution should be used to cover 
the film completely. About 7 ounces (200 cc) is suggested for one 8x 10 


inch film. Proportional quantities should be used for other sizes of film, 
according to area. 


Solutions. A 2 per cent solution of acetic acid is used frequently during 
the process, and time is saved by making this up in fairly large quantities, 
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e.g., 70 ounces (2000 cc) per film. To make 2 per cent acetic acid, 2 parts 
of ‘Kodak’ Acetic Acid (Glacial) should be diluted with 98 parts of water. 
Supplies of water at 68° F (20° C) and at 110° F (43° C) are also required; 
a thermostatically-controlled mixing valve fitted to the water supply pipes 
will provide satisfactory temperature control. A measuring cylinder or 
other suitable vessel should be marked (e.g., by placing a strip of adhesive 
tape at the appropriate level) so that the correct proportions of acetic acid 
and hot water, for Steps 11 and 12, can be prepared quickly and easily. 
Just before commencing processing, the ‘A’ and ‘B’ components of 
‘Kodak’ Tanning Developer should be measured out into separate con- 
tainers, and the solution temperatures adjusted to 68° F (20° C). The 
container for Solution ‘B’ should be large enough to hold the total volume 
of developer to be used. During Step 1—Pre-soak, Solution ‘A’ should 
be added to Solution ‘B’ and mixed thoroughly for 10 seconds. Once 
mixed, the developer should be used immediately, as it oxidizes rapidly. 


Processing 


Handling. Generally, films are processed singly. In this case, the film 
should be handled emulsion side up through all processing steps. The 
film must be agitated continuously in all processing solutions by continu- 
ous rocking of the dish with out-of-phase movements. 

Alternatively, two or more films may be processed together in the first 
four steps only by the method of continuous agitation known as “inter- 
leaving”. The films should be immersed one by one, emulsion side down, 
and each depressed slightly with the outstretched hand for complete and 
even immersion. When the last film is immersed, the bottom film should 
be withdrawn and placed on top; the films should be smoothly kept 
moving in this manner. Care should be taken to prevent the film sticking 
during the first immersion in each bath. The emulsion is soft and must be 
handled carefully throughout. From Step 5—Hot-water Wash onwards, 
the films must be handled singly, emulsion side up, to avoid damaging the 
relief image; they should be agitated by continuous rocking of the dish 
with out-of-phase movements. The remaining films may be held in the 
stop bath until they are ready for Step 5. 
| Pre-Soak. Soak the film in water for | minute at 68° F (20° C). 

2 Develop. Discard pre-soak and pour the mixed developer into the 
dish. Develop for 2 minutes at 68° F (20° C) with continuous and 
out-of-phase agitation. 

3 Rinse. Discard used developer. Rinse film and dish with water at 
68° F (20° C) for about 30 seconds. 

4 Stop Bath. Discard the water rinse and rinse film with 2°% acetic acid 
for 30 seconds at 66°-70° F (19°-21° C). The room lights can be turned on 
after 30 seconds. 

5 Hot-water Wash. Transfer the film, emulsion side up, to a dish of 
water at about 110° F (43° C) and rock the dish. Change the water every 
30 seconds until it remains clear. Alternatively, hose the film with a 
gentle stream of water at about 110° F (43° C). Avoid using excessively 
hot water. Take care in handling the film in the hot water; otherwise, 
the surface layer may become damaged or detached from the base. 
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Then, with the fingernails, remove any gelatine that may be adhering to 
the edges of the film. Finally, rinse away any remaining gelatine particles 
from the film; if not removed, they may cause black specks or ridges on 
the finished print. 


6 Chill Rinse. Discard the hot water and rinse in water at 66°-70° F 
(19°-21° C). 
7 Bleach. Discard the cold water and cover the film with a solution of 
Kodak ‘Flexichrome’ Bleach. Bleach the silver image until it turns 
yellowish brown. This takes about 30 seconds to 1 minute at 66°-70° F 
(19°-21° C). Longer bleaching may result in loss of highlight detail. 
Then rinse the film briefly in cold water. 

Make up only the required amount of bleach for the day’s work and 
discard it at the end of the day. Do not contaminate the fresh stock 
solution with used bleach. 


8 Fix. Fix the film for 1 minute at 66°-70° F (19°-21° C), or twice the 
time it takes for the image to disappear completely, in a solution of ‘Kodak’ 
Acid Fixer Powder. 


CAUTION: Use of other fixing solutions may, at a later stage, result in 
a blue rather than a grey colour for the modelling agent. Never use fixer 
containing hardener, or fixer used previously for prints. 


9 Wash. Wash the film for not less than 1 minute in running water at 
66°-70° F (19°-21° C). 

10 Dye. Discard the water and cover the film, emulsion side up, with the 
Kodak ‘Flexichrome’ Modelling Agent (black dye) bath. Dye for 5 
minutes at 66°-70° F (19°-21°C). Agitate the dish frequently to prevent 
uneven dyeing. The modelling agent can be used repeatedly until it 
provides insufficient contrast. 

At the beginning of this step, immerse a sheet of ‘Kodak’ Dye Transfer 
Paper in a dish of water. The paper should be at least 4 inch larger all round 
than the film. The paper will be used as the final support in Step 13, and 
the only preparation it requires is soaking in water at 90°-110° F (32-43°C) 
for about 5 minutes. Prolonged soaking is unnecessary, and may 
adversely affect adhesion to the surface layer, particularly under conditions 
of low humidity or rapid drying. Alternatively, any smooth, white, 
gelatine-coated, photographic paper (single or double weight) may be used 
as the final support. Before use, such paper should be fixed in a non- 
hardening fixer bath, such as a solution of ‘Kodak’ Acid Fixer Powder, and 
then washed. 


Modelling Agents of other colours can be produced by dissolving the contents of 
a jar of ‘Flexichrome’ colour in about 7 ounces (200 cc) of hot water. Then add 
210 minims (12°5 cc) of ‘Kodak’ Acetic Acid (Glacial) and sufficient cold water to 
make 35 ounces (1000 cc). These solutions may also be added to the ‘Flexichrome’ 
Modelling Agent in suitable proportions to obtain differing hues of modelling agent 
when desired. 


11 Acid Rinse. Rinse the film in two changes of 2°(, acetic acid at 66°- 
70° F (19°-21° C) to remove the excess dye from the surface of the film. 
Some bleeding of the dyes during rinses is normal and should cause no 
difficulty. 
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12 Stripping Bath. Discard the acid rinse and flood the film with a 
solution of 2°, acetic acid at 100°-110° F (38°-43° C) to soften the adhesive 
between the surface layer and the film base, so that the surface layer can be 
stripped from its support. Allow the film to remain in the hot acetic 
acid stripping bath until the surface layer can be stripped easily. The 
surface layer will not strip easily if the stripping bath is too cold, or if the 
film is not soaked long enough in the stripping bath. Loosen the surface 
layer at the two corners on the short side opposite the film notch, and peel 
it back without pulling, until it comes away from the film base. 

13 Hot Acid Rinse. Still holding the surface layer by the corners, immerse 
it in a second bath of 2°,, acetic acid for 2 minutes at 100°-110° F (38°- 
43° C), and gently agitate the dish. 


14 Transfer. Place the soaked paper, emulsion side up, on a firm, flat 
surface and remove excess water with a squeegee. Flood the paper with 
2°. acetic acid. Remove the surface layer by the corners from the hot 
acid wash and lay it down on to the paper, the final support, with the 
gelatine relief side facing up. Then flush the print with 2°., acetic acid to 
wash away any particles of gelatine or sediment that may be adhering to the 
surface; if this is not done, black specks or lines may show up later on the 
prints. 

Next, wet the ‘Flexichrome’ Transfer Sheet with 2°(, acetic acid and lay 
it over the print to protect the gelatine relief image while the surface layer 
is squeegeed firmly to the final support. Squeegee from the centre of the 
print outwards, first lightly and finally with moderate pressure. Wait for 
2 or 3 minutes before moving print from its supporting surface, then pick 
up the print wth the transfer sheet attached and hang it on a line. Then 
peel off the transfer sheet, starting at one of the upper corners and taking 
care to break the vacuum between the surface layer and the transfer sheet 
first, so that the surface layer will adhere to the paper support and not 
come off on the transfer sheet. 


15 Dry. The gelatine relief image will dry in a few minutes, but the paper 
support requires the same time as an ordinary paper print. When the 
gelatine relief image is completely dry, the print can be placed in a drying 
cabinet or given the usual treatment for drying matt black-and-white 
paper prints. It is important to allow the print to dry slowly without 
forced air, draughts or lowered humidity conditions for the first few 
minutes or until adhesion between the surface layer and the paper support 
is certain; otherwise, the surface will dry first and start to shrink before 
adhesion is established. As a result, the surface layer will curl away from 
the support. The remedy for this situation, if it occurs, is to soak the 
paper in water for a longer time than normal. Then, if necessary, leave 
the transfer sheet attached for 5 or 10 minutes before peeling it off the 
completed print. 


COLOURING THE PRINT 


Before the print is coloured it should be taped or pinned to a flat surface 
slightly larger than the print. 

There are only four basic steps in colouring a ‘Flexichrome’ print. 
These are repeated continuously with variation to accommodate different 
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circumstances: 1, application of colour to the print; 2, blotting; 3, rinsing; 
and 4, blotting. The colour solution is applied to local areas of the print, 
where it is absorbed by the gelatine relief image. Then the unabsorbed 
colour solution remaining on the surface of the print is removed by blotting 
with ‘Fotonic’ Photographic Paper. This treatment leaves the area 
coloured selectively according to the thickness of the gelatine relief, and 
in a near-dry condition. ‘Fotonic’ Photographic Paper removes most of 
the excess colour, but there is usually a slight sediment left on the surface 
which may be removed by “rinsing” the area with 2 per cent acetic acid 
applied locally with the brush or a soft sponge. The “rinse” is then 
removed by blotting. Brushes must be cleaned of colour in water before 
going into the acid—the 2 per cent acid must be kept clean during colour- 
ing or it will degrade the colours. It is advisable to apply darker colours 
first, overlapping the lighter areas, and then to cut back closely with the 
lighter colour. 

Any colour may be modified, removed, or changed to any other colour 
without disturbing the general scale of tones in the picture. Mistakes in 
colouring are not serious with ‘Flexichrome’ because they can readily be 
corrected by the operator. The last dye applied to the print gradually 
removes and replaces whatever colour was there before. Therefore, it is 
possible to apply colour several times, modifying the colour scheme each 
time until the desired result is obtained. Even if the print should appear 
to have been completely ruined by haphazard colouring, ‘Flexichrome’ 
Modelling Agent can be painted over the whole print, restoring it to the 
original monochrome condition; the colouring may then be started again. 
While the first steps can be executed with a great deal of freedom, a little 
care with boundary lines will simplify subsequent colouring operations. 
If the dye of one area overlaps its borders, as, for example, when flesh 
colour runs over into the background, the overlap should be blotted dry 
immediately after application. After the colouring of the flesh area has 
been completed, the overlap can be corrected easily by simply painting 
the background colour closely up to the border line of the flesh area, where 
it will remove and replace the overlap of flesh colour. See page 13 for 
additional information on the treatment of border lines. 


Function of the Modelling Agent 


The black dye in the ‘Flexichrome’ relief print is more than a mere 
guide image to be replaced with pure colour. The modelling agent puts 
the shadows in the picture and gives depth to the subject. Therefore, it 
should not be replaced completely with colour. The operator will soon 
develop a touch in applying colour to the image so that it blends with the 
modelling agent and replaces it completely only in areas where extremely 
brilliant colours are desired. If the print appears degraded in colour, 
insufficient modelling agent has been removed. 


How the colours replace one another 


The gelatine relief image can be compared to a relief map made of 
millions of minute transparent sponges. These tiny sponges absorb and 
hold dye particles, which can be replaced at any time with dye particles of 
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another colour. For example, the first application of red to a part of the 
image that has been coloured blue produces purple, or a blend of the two 
colours, and so on until finally the blue disappears, leaving a bright red. 
Highly concentrated solutions of colour replace other colours rapidly, and 
conversely, weak solutions of colour blend with others, replacing them 
slowly. Movement of the brush back and forth over the area provides 
more uniform results by eliminating streaks caused by uneven absorption 
of the colours in the gelatine relief image. If yellow is applied to replace 
blue in any area or vice-versa, always apply brown to remove the first colour 
and then apply yellow to replace the brown. If this procedure is not 
followed, a green line will persist on the outline. Blending colour on the 
print itself can be done using colour well diluted with 2 per cent acetic 
acid: this is particularly suitable for areas of reflected lighting. 


Functions of the acetic acid and water 


Dilute acetic acid helps the gelatine to absorb colours, and also fixes 
colours temporarily so that they will not wash out of the image as long as it 
is in an acid condition. 2 per cent acetic acid should be used to mix the 
colours for application to the print, and for rinsing to clean up the excess 
surface dye, without washing colour out of the relief image. 

Plain water serves as a mild reducer. Water should be used for washing 
brushes and for rinsing coloured areas when the colour is too dark or too 
strong. 


Blotting 


‘Fotonic’ Photographic Paper is an inexpensive, absorbent, lintless 
material. Other types of blotting materials can be used, but those with 
rough surfaces or an excess of lint are unsatisfactory. 

Excessive pressure should not be used in blotting. The paper should 
be allowed to do the blotting by itself as much as possible. Pressure does 
not assist, and a scrubbing motion under pressure may injure the image. 
The gelatine image must be treated with care, although it will withstand a 
moderate amount of abrasion without injury. Should any lint from the 
blotting material adhere to the print, it should be allowed to dry completely, 
then rubbed lightly with dry cotton wool. 


Function of the Reducer 


‘Flexichrome’ Reducer, although itself colourless, removes other colours 
in the gelatine and allows more of the white paper base to show through. 
The reducer will not function at all in an acid condition, and unlike the 
other ‘Flexichrome’ Colours, it must not be mixed with the 2 per cent 
acetic acid solution. The reducer must be mixed with plain water. It is 
applied to the print with a brush and blotted in the usual way. The first 
application may produce little or no effect, particularly if the section of the 
print being treated is in an acid condition. However, a second application, 
again with plain water, will usually produce a definite reduction of colour; 
another application of water will reduce the colours even more. By 
applying more reducer and water to the print, it is possible to remove all 
the colour from the gelatine relief image. The gelatine image is still there, 
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however, and can be coloured again as desired. To stop the action of the 
reducer, rinse with the 2 per cent acetic acid which should be used and 
blotted. 

The reducer has a number of useful functions. It can be used for 
vignetting, for putting sparkle into highlights, for painting clouds into a 
clear sky, and for improving the whiteness of white objects. Occasionally, 
the reducer is used to eliminate the black dye completely from a deep 
deposit of gelatine so that it can be replaced with pure colour for full 
saturation. For example, suppose it is necessary to convert black printed 
matter on the label of a bottle to a bright blue. First, the black dye in the 
letters should be removed completely with the reducer. Then the print 
should be rinsed with acid to neutralize the reducer and blotted. The 
letters can then be coloured with a pure blue. The whites, represented by 
white paper between the letters, can be cleaned by rinsing the label with 
water or with a little reducer and water. This rinse will remove the slight 
blue colour in the whites before it has any noticeable effect on the darker 
letters, and it will leave brilliant blue lettering on a pure white field. 

When the reducer is mixed with colour and water in the palette, it acts 
as if white had been added to the colour. It reduces the black dye in the 
image and at the same time tends to reduce contrast, producing flatter 
results which are on the light side, yet full of detail. 

A 1 per cent solution of ammonia can be used as a strong reducer for 
producing solid white backgrounds. 


CAUTION: ‘Flexichrome’ Reducer has a tendency to soften the gelatine 
relief image. Particular care should be taken to avoid any abrasive action 
with the blotter when using the reducer. 


_ Reproduction of yellow objects 


Yellow is the lightest of all colours and consequently yellow objects are 
usually represented in a black-and-white print as a very light grey. Thus, 
the gelatine deposit in that area on a ‘Flexichrome’ print is not deep enough 
to carry a sufficient amount of colour to make a brilliant yellow, and it 
becomes necessary to add more yellow to the surface of the print. To 
colour yellow objects, it is advisable first to paint the area with brown and 
then follow up with a thick application of relatively “dry” yellow colour 
taken from the jar as a paste rather than a solution. The area should be 
allowed to dry and then rubbed with a wad of cotton wool. Blonde hair 
should first be painted brown, which should then be followed with yellow, 
used sparingly. 


Function of the ‘Flexichrome’ Neutral Colour 


To obtain a white, yet still retain modelling in highlight areas, such as 
the whites of eyes, Neutral Colour should be applied mixed with plain 
water, and the area then rinsed with water to remove any excess colour. 
The Neutral Colour with the water takes out any other colours in the area, 
the water acting as a slight reducer. 

The contrast of a given area that has been coloured can often be in- 
creased, or lost drawing restored, by applying concentrated Neutral 
Colour to the area and then colouring it again as desired. 
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Treatment of highlights and shadows 


Highlights usually take care of themselves in the ‘Flexichrome’ print 
because of the small amount of gelatine present at those points in the relief 
image. A thin layer of gelatine accepts little or no colour, but this colour, 
if any, is diluted by the white of the paper support. 

Errors are more apt to occur in the shadow areas where the gelatine 
relief is thicker. No attempt should be made to force bright colours into 
shadow areas to obtain brilliant colour prints. If large areas of bright 
colours are desired, the subject must be flatly lighted so that larger areas 
are in full illumination with a corresponding decrease in the size and 
importance of the highlight and shadow areas. 


Treatment of border lines 


Most border lines between local areas in a picture are described by a 
dark line or shadow, or by a distinct difference in tone, and they do not 
present as much of a problem as might be expected. A good rule to 
follow in treating border lines is to overlap the darker colour into the 
lighter area, blot immediately, and then restore the lighter area back 
closely to the edge. The last colour applied to the print gradually 
replaces the previous colour, and it replaces the colour more quickly in a 
thin layer of gelatine than in a deep layer. As far as possible, border 
lines should be preserved, but two colours should not be brought together 
at a sharp division. This is likely to result in a very slight overlapping of 
one or the other, producing an objectionable dark line that was not in the 
original picture. It also requires more skill to describe the same boundary 
line twice, working from each side. To remove this dark line, excess 
surface colour along the boundary should be blotted, then the print should 
be rinsed carefully with a small brush moistened with 2 per cent acetic acid 
to dissolve any sediment of colour left in a ridge along the boundary line. 
The print should be blotted and then rinsed again right over the boundary 
to eliminate any evidence of handwork and to preserve the photographic 
definition. This procedure gives a smooth, finished division between 
adjacent colours. 

Fuzzy borders, such as those in soft-focus pictures, or in pictures where 
fluffy hair overlaps the background, are handled differently. The two 
adjacent colours are dovetailed into each other along the fuzzy border and 
then rinsed to clean up the edge. This procedure will usually serve for 
everything except locks of hair which are large enough to be treated 
individually. 

As a rule, lacy patterns, such as a black veil over the face, bare branches 
of trees against the sky, and other similar areas, take care of themselves. 
In the case of trees against the sky, for example, the sky should be coloured 
as a single unit, ignoring the complex pattern of branches and twigs 
silhouetted against it, and then only those branches large enough to be 
handled individually may be treated. The lacy pattern of the smaller 
twigs will be defined by tonal rather than colour differences, but the result 
will not be disturbing to the eye. 

Complex patterns, such as flowered print, should first be coloured over 
all with the predominant hue, and then the details treated individually. 
Minute colour details that are too small to be treated individually can be 
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merely suggested with a trace of the colour found in that area of the 
original. 


Masking Lacquer 


Although most borderline problems can be handled satisfactorily with 
the brush and colours alone, according to the procedure outlined above, 
‘Flexichrome’ Masking Lacquer is a useful, time-saving aid for general 
work and for making borders of extreme sharpness. ‘Flexichrome’ 
Masking Lacquer is applied with a brush. It dries quickly, forming a 
waterproof layer over the area to be protected, and it can be removed 
quickly with ‘Flexichrome’ Lacquer Thinner. For example, suppose the 
subject is a group of figures standing on a hill against a blue sky. First, 
the figures should be coloured without regard to the sky, and the finished 
work on the figures protected with Masking Lacquer. Then the sky 
should be coloured with a flat wash right over the figures. Finally, the 
Masking Lacquer should be dissolved with ‘Flexichrome’ Lacquer 
Thinner and wiped off with a tuft of cotton wool, well soaked. 


Lacquering the finished print 


‘Flexichrome’ Print Lacquer is a fast-drying lacquer that waterproofs 
and protects the surface of the print. It provides either a high gloss or a 
soft eggshell lustre finish, depending upon the concentration of lacquer 
used. A full-strength lacquer solution gives high gloss, while a mixture of 
one part lacquer with one part of ‘Flexichrome’ Lacquer Thinner gives 
medium gloss. Slight unevenness or streaks on the dry surface can be 
minimized, and the gloss increased, by polishing the surface with a soft 
cloth. 

The lacquer is best applied with an airbrush, but if suitable airbrush 
equipment is not available, it can be applied by any method that first 
covers the print with a generous supply of lacquer and then allows the 
excess liquid to drain from the print. This procedure will produce a 
smooth, even lacquer coat on the print. Attempts to paint the lacquer on 
with a brush usually lead to unsatisfactory results. 

A simple technique is to straighten the print so that it lies flat on a level 
surface. A generous supply of lacquer solution is poured on to the centre 
of the print and allowed to spread evenly over the surface. Immediately, 
the print should be pinned to a shelf edge by one corner, and the excess 
lacquer solution allowed to drain into a wide-mouthed container. After a 
few practice applications on black-and-white prints, or plain sheets of 
‘Kodak’ Dye Transfer Paper, lacquering can be reduced to a quick, easy 
procedure, with smooth results. 

The print can also be dipped bodily into the lacquer solution and hung 
up to drain and dry, or the surface can be covered by pouring some of the 
solution on to the centre of the print and tilting the print slowly in different 
directions until it is uniformly covered, then draining off the excess 
lacquer. 

When completely dry, the print can be trimmed and mounted in a dry- 
mounting press under moderate heat. If necessary, the lacquer can be 
removed at any time with the ‘Flexichrome’ Lacquer Thinner. 
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CAUTION: | The lacquer and thinner are inflammable mixtures; do not 
use them near heat or open flame. Keep the container closed. Use with 
adequate ventilation and avoid prolonged or frequently repeated breathing 
of the vapour. Avoid prolonged or repeated contact with the skin. 

2 Do not attempt to use ‘Kodak’ Print Lacquer in place of the 
Kodak ‘Flexichrome’ Print Lacquer; it will dissolve the thin film support- 
ing the relief image. 
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SUMMARY OF STEPS FOR PROCESSING KODAK ‘FLEXICHROME?’ 
STRIPPING FILM 









Total 
minutes at 
end of step 


Solution 
Step or Remarks Temp. (F) 
procedure 


Mix developer towards end 
of pre-soak 


Time 
(minutes) 









Discard oxidized developer. 
Wash film and dish with 
cold water. 


Acid stop | Room lights can be turned 
bath on after film has been in 
stop bath about $ minute. 68° + 4° + 4 


5 | Hot-water | Wash away soluble gelatine 
wash in several changes of hot 
water or with hose. 110° | 5 


Immerse in cold water to 
chill swollen gelatine relief 
































Bleach until all black silver 
has turned brown. Rinse 





briefly in water. 66°-70° I 6s 
8 | Fix Fix twice as long as re- 
quired for brown image to 


disappear completely. 66°-70° | 73 


Dye to completion with 
occasional agitation to pre- 
vent mottle effects. 66°-70° 5 133 


Rinse in two changes of 
rinse 2% acetic acid to remove 
excess surface dye from 














Immerse the film in a solu- 
stripping | tion of 2% acetic 
bath acid (100-110° F) until ad- 
hesive between surface 
layer and film support soft- 









100°-1 10° I 153 


Remove surface layer from 
wash film support in stripping 
bath and place in the 2%, 
acetic acid bath. 100°-1 10° 2 173 


Remove surface layer from 
acetic acid bath and trans- 
fer to final support. 


















Ni= 
0 


| Hang on line until gelatine relief image on surface is dry. 
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COLOUR PHOTOGRAPHS OF SIGNS, LIGHTS, 
AND OTHER NIGHT SUBJECTS 





ALTHOUGH flash is the most common source of light for making photo- 
graphs after sundown, colour photographs can be taken of street lighting, 
illuminated signs, floodlit buildings and monuments, fireworks, camp 
fires, and even by moonlight. The shutter of the camera used must have 
slow speeds, if it has a “fast” enough lens, or be one that can be set to “B” 
or ““T”’, and a tripod or other convenient solid support must be available. 

Both artificial-light and daylight-type films can be used with pleasing 
results. Those taken on artificial-light film may look similar to the 
colours seen visually by the eye, while those taken on daylight-type film 
will be somewhat “warmer” in colour. 

The exposure recommendations which follow are approximately correct 
for both types, but for most subjects of this nature there is no “correct” 
exposure, as the difference in brightness between the shadows and the 
lightest portions of the scene is normally too great to reproduce on any 
colour film. The suggested exposure times below are merely a basis for 
experiment and should be modified with experience in order to obtain the 
effect preferred. 

Only one exposure figure is given for all types of ‘Kodak’ colour films. 
This is because the possible range of variation of any one of the subjects 
listed is very much greater than the speed variation between the fastest and 
the slowest colour films. It will follow, however, that if an exposure test 
is made on, say, ‘Kodachrome’ Film, Daylight Type, then the preferred 
exposure can be cut to one third if it is intended to use ‘Ektachrome’ Film, 
Daylight Type—Process E-2. 

To ensure an exposure that can be used, three exposures should be 
taken—one at the suggested time, one at a quarter of that time and one at 
four times the suggested exposure. An even greater range—one at one 
eighth and one at eight times the suggested exposure—can be used if it is a 
case of securing a picture which cannot be repeated. 


SUGGESTED EXPOSURES FOR ‘EKTACHROME’, 
‘KODACHROME’, ‘EKTACOLOR’*, AND 
‘KODACOLOR’ FILMS OF ALL TYPES 


Subject Exposure 


Brightly lit street scenes. . | sec at f 4 


Neon and other electric signs . 1/1Sth sec at f2°8 
Brightly lit shop windows . . | sec at f 4 


Floodlit buildings, monuments, 
etc. . . b Gee, 15 sec at f 5°6 


Bonfires, camp fires, etc. . 1/1 5th sec at f 2:8 
Moonlit landscapest . . . . 60 sec at f:2 





*‘Ektacolor’ Film, Type L, should be used when exposures are |/5th second 
or longer; ‘Ektacolor’, Type S, when they are 1/10th second or shorter. 
+This applies only at or near full moon and when the moon is high in the sky. 
The moon moves appreciably during this time; it should therefore not be 

included in the subject area. 
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ESTIMATING ADJUSTMENT OF EXPOSURE TIME 
WHEN PRINTING FROM COLOUR NEGATIVES 


IN the printing of colour negatives on to Kodak ‘Ektacolor’ Papers and 
Print Film the use of one or more filters is almost invariably required in 
the exposing light beam in order to obtain a correctly balanced print. Ifa 
test print is of correct density but of incorrect colour balance, a change in 
the filter combination is required, and this can be assessed in accordance 
with the information given in Data Sheet PP-12. 

The new exposure time for the new filter combination can be assessed 
by dividing the test-print exposure time by the filter factor of the filter 
removed from the combination (or the product of the filter factors if more 
than one filter is removed), and multiplying by the filter factor of the filter 
added to the combination (or the product of the filter factors if more than 
one filter is added). Another method is by the use of a ‘Kodak’ Colour 
Print Exposure Time Calculator, but this device does not have calibrations 
for the C-2 range of cyan ‘Kodak’ Colour-Printing Filters. A further 
method is by the use of the nomogram and filter density tables included 
in this Data Sheet. The total density derived from these tables—given 
separately for ‘Kodak’ Colour-Printing Filters (CP filters) and ‘Kodak’ 
Colour-Compensating Filters (CC filters)—allows for both the change in 
filtering action, and the change, if any, in the number of filter surfaces. 


The nomogram is used in the following manner: 


I The densities of the filters used for the test print should be found from 
the appropriate table overleaf. 


2 The densities should be added and the corresponding point selected 
on scale A. 


3 The point on scale C should be located which represents the exposure 
time (in seconds) found correct for the test print. 


4 A straight-edge should be laid across the nomogram between these 
points. 


5 The point where the straight-edge intersects scale B should be noted 
(the arbitrary figures on this scale can conveniently be used). 


6 The densities of the new filter combination to be used should be added 
and the figure corresponding to their total located on scale A. 


7 The straight-edge is then laid across from this new point to the point 
previously noted on scale B (as found in step 5). 


8 The intersection of the straight edge with scale C then gives the 
estimated exposure time required for the new filter combination. 


NOTE: If an exposure time is greater than 64 seconds, all figures in scale 
C can be multiplied by, for example, a factor of 10, so that the scale then 
runs from 20 to 640 seconds. 
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DENSITIES OF CP FILTERS 

















Filter Density Filter Density Filter Density Filter Density 
CP 025Y | 0-07 CP 025M 0-08 CP 025C 0:08 | CP025C-2) 0-05 
CP O5Y 0-07 CP 05M 0-09 CP 05C 0:09 | CPO5C-2 | 0-06 
CP 10Y 0:07 CP 10M Ol CP 10C 0-11 CP 10C-2 | 0-08 
CP 20Y 0-07 CP 20M 0-16 CP 20C 0-15 | CP 20C-2 | 0-12 
CP 30Y 0-08 CP 30M 0-21 CP 30C 0-18 | CP 30C-2 | 0-15 
CP 37LY CP 372M |) CP 374iC 7 CP 37$C-2 ) 

CP 40Y | +0-08 CP 40M fee CP 40C >0-21 CP 40C-2 pee 

cP 42LY |J CP 421M cp 421c |J CP 421C-2 

CP 474Y cP 475M |) CP 474C |) CP 474C-2|) 

CP SOY 0-08 CP 50M iis CP 50C |e CP 50C-2 i 

CP 524Y J CP 525M CP 523C CP 52$C-2 

DENSITIES OF CC FILTERS 
Filter Density Filter Density Filter Density 

CC 05Y 0-04 CC 05M 0:07 CC 05C 0-06 
CC 10Y 0-04 CC 10M 0-10 cc 10Cc 0-08 
CC 20Y 0-04 CC 20M 0-16 CC 20C 0-12 
CC 30Y 0-05 CC 30M 0-22 CC 30C 0-15 
CC 40Y 0-05 CC 40M 0-27 Cc 40C 0-18 
CC SOY 0-05 CC 50M 0-32 cc 50C 0-21 
CC O5R 0:07 CC 05G 0-06 CC 05B 0:04 
CC I0R 0-10 CC 10G 0-08 CC 10B 0-12 
CC 20R 0:17 CC 20G 0-12 CC 20B 0-21 
CC 30R 0-23 CC 30G 0-15 CC 30B 0-29 
CC 40R 0-29 CC 40G 0-18 CC 40B 0-38 
CC 50R 0-34 CC 50G 0-22 CC 50B 0-47 





Example : Filter combination used for test print—CP 30M+CP 10Y 
Test-print exposure time—12 seconds 
(test-print density was judged correct) 
Densities of filters used for test print—0-:21+0-07=0-28 
Assessed filter combination required for final print— 
CP 25M+CP 15Y=CP 20M+CP 05M+CP 10Y+CP 05Y 
Densities of these filters=0-16+0-09+0-07+0-07=0-39 
Required exposure time obtained from nomogram= 15} 
seconds 
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FILTER RECOMMENDATIONS 
FOR ‘KODAK’ COLOUR FILMS 





Tue following recommendations indicate which Kodak ‘Wratten’ filter 
applies when ‘Kodak’ colour films are used in various types of illumination. 


Daylight-type colour films 


The following colour films have similar properties which allow them 
to be used with the ‘Wratten’ filters given in the table below. 


‘Ektachrome’ Films (Process E-3), Daylight Type 
‘Ektachrome-X’ Film 

High-Speed ‘Ektachrome’ Film, Daylight Type 
‘Kodachrome’ II Film, Daylight Type 
“Kodachrome-X’ Film 

‘Ektacolor’ Professional Film, Type S 
‘Kodacolor-X’ Film 





DAYLIGHT AND CLEAR PHOTOFLOOD TUNGSTEN LAMPSt+ 
BLUE FLASHBULBS*| FLASHBULBS |LAMPS+ 3300°-3400°K 3100°-3200°K 


Normally no ‘Wratten’ No. | « , ‘ , 
filter 80Ct or 80D§ Wratten’ No. 80B | ‘Wratten’ No. 80A 





NOTE: When xenon-filled electronic flashtubes are to be used as the sole light-source, a filter may not be 
necessary. However, some flash units give better results with one of the following ‘Wratten’ filters— 
No. 81, 81A, 81B, or |A. When using electronic flash with ‘Ektachrome’ Films (Process E-3), Daylight 
Type, consult the supplementary instructions included with each package of film. 


*In daylight, within two hours of sunrise or sunset, the use of a ‘Wratten’ No. 82A filter is recommended; 
in bluish daylight, or when an excess of ultra-violet radiation is present, a ‘Wratten’ No. IA (‘Kodak’ 


Skylight) filter is recommended. This category also includes the use of blue flashbulbs as a ‘‘fill-in’”’ 
light-source. 


tFor best results, the use of daylight-type films, with correcting filters, is not recommended for tungsten 
illumination; whenever possible, the appropriate artificial-light-type film should be used. 


$For use with PF.24, PF.38, PF.45, PF.60, and PF.100 flashbulbs. 
§For use with AG. |, PF.I, No. I, and PF.5 flashbulbs. 
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Artificial-light-type colour films 





ILLUMINATION 


FILM TYPE Photoflood Tungsten 


Daylight Xenon-filled 


Clear Lamps, Lamps, A 
fd Bus | rleshbules | 3300" | stan | flectronie 

3400°K 3200°K 

l6mm ‘Ektachrome’| . , ‘ , ; 
Commercial Film, ae oe F iter ues — 

Type 7255 A °. require 
eee eile: ‘Wratten’ ‘Wratten’ ‘Wratten’ Filter not ‘Wratten’ 
Type B : No. 85B No. 81C No. 81A required No. 85B 


‘Ektachrome’ Sheet 


‘Wratten’ ‘Wratten’ ‘Wratten’ Filter not | Not recom- 
Film Wee E-3), | No. 85B | No.8IC | No.8!A | required | mended 
Sree ‘Wratten’ | Not recom- | ‘Wratten’ Filter not | Not recom- 

Type L J No. 85 mended No. 81A required mended 

‘Kodachrome’ Il ‘Wratten’ ‘Wratten’ Filter not ‘Wratten’ | Not recom- 

Film, Type A No. 85 No. 81C required No. 82A mended 





Kodak, and product names quoted thus—‘Wratten’—are trade marks 
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FILTERS FOR ‘KODAK’ GOLOUR MATERIALS 





‘Kodak’ Colour-Compensating Filters 


The range consists of six series, each of six filters, comprising yellow, 
magenta, and cyan, and red, green, and blue. These filters are spaced 
according to density, and corresponding filters in different series are 
roughly comparable. The peak density of the filters is indicated by the 
two digits following the ‘“‘CC”’ in the filter designation, and the colour is 
indicated by the final letter. Peak density is measured at the wave-length 
of maximum absorption, for example, the peak density of a yellow filter 
is given for blue light. The density values do not include the gelatine 
in which the filter dye is suspended, nor the glass in which the filters may 
be mounted. The following table shows the current range: 





‘KODAK’ COLOUR-COMPENSATING FILTERS 


Peak iy Exposure wee i - Exposure e é ve Exposure 
Density | (suppresses Paces (suppresses (suppresses os 
blue) 1 SPS green) P red) P 
0-05 CCOSY - CCOSM 4 Ccosc 4 
0-10 CCIOY 4 CCIOM 4 Ccloc 4 
0-20 CC20Y 4 CC20M 4 Cc20C 4 
0-30 CC30Y + CC30M 2 CCc30C 2 
0-40 CC40Y 4 CC40M z CC40C 2 
0-50 CCSOY 2 CCSOM 2 Ccsoc I 
Red Series Green Series Blue Series 
Peak (suppresses ve retee (suppresses ra? aS (suppresses ae cnt 
Density blue and in Stops blue and in Stops green and in Stops 
green) red) red) 
0-05 CCO5R 4 CC05G 4 CC05B 4 
0-10 CCIOR 4 CCI0G + CCIOB 4 
0-20 CC20R $ CC20G 4 CC20B 2 
0-30 CC30R 2 CC30G 2 CC30B 2 
0-40 CC40R 3 CC40G 2 CC40B l 
0-50 CCSOR | CC50G | CCSOB Ik 


These filters are used to make changes in the over-all colour balance of 
photographic results obtained with colour films; to compensate for 
deficiencies in the spectral quality of the light by which colour films may 
sometimes be exposed; or, in colour printing from colour negatives, for 
adjustment of colour balance—see Data Sheets PP-12 and FM-3A. 
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Another purpose to which these filters may be put is to introduce slight 
colour-correction in light-sources used in making duplicates from ‘Ekta- 
chrome’ or ‘Kodachrome’ originals. Appropriate filters should be 
selected by practical trial. 


Test prints or transparencies should always be viewed under lighting 
conditions approximating to those which will be used for the final prints or 
transparencies. If the colour balance is not satisfactory, the print or 
transparency may be viewed through various CC filters until the required 
colour balance is obtained. In the case of transparencies made direct in 
the camera or of duplicate transparencies made by reversal, a filter or 
filters of the same colour and value as the viewing filter which appeared to 
give satisfactory colour balance should be placed in the exposing light- 
beam to correct the colour balance. With colour prints and trans- 
parencies made by the negative-positive process, however, the exposing 
filter should be of the complementary colour and half the value of the viewing 
filter. In either case, it should be noted that the viewing filters will 
tinge the highlights excessively and the shadows insufficiently, and their 
effects should be judged primarily on the middle tones. 

The number of filters used together should always be kept to a mini- 
mum in order, firstly, to reduce the scattering of light which occurs at 
each surface and which impairs the definition of the image, and secondly, 
to eliminate any avoidable neutral density, which serves only to increase the 
exposure necessary without, of course, achieving any correction of colour. 

The relationship of the three primary-colour* filters to the three sub- 
tractive colours, is shown below: 


Red (absorbs blue and green)=yellow (absorbs blue) 
plus magenta (absorbs green) 
Green (absorbs blue and red)=yellow (absorbs blue) 
plus cyan (absorbs red) 
Blue (absorbs green and red)=magenta (absorbs green) 
plus cyan (absorbs red) 


The following procedure is recommended to reduce combinations of 
these filters to their simplest terms: 


I The values of the filters chosen should be converted to their equivalents 
in the subtractive colours—yellow, magenta, or cyan—if not already of 
these colours. 


2 These should be added together (e.g., CC20M+CC10M=CC30M),. 


3 If the resulting filter combination contains all three subtractive 
colours, the neutral density should be eliminated (e.g., CC10C+CC10M 
+CC10Y=a neutral density of 0-10). 


4 If the filter-combination contains two different filters of equal value 
the single equivalent primary colour filter should be substituted (e.g., 
CC10M+ CC10C=CCI1O0B). 


* By ‘‘primary colour’ in this connection is meant a colour whose spectral composition comprises 
approximately one-third of the visible spectrum—red, green, or blue. 
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Example 1: A reversal test transparency is exposed through a CCIOR 
filter, and after processing is seen to be distinctly magenta in colour balance. 
The transparency appears satisfactory when viewed through a CC10G 
filter. The problem, then, is to combine a CC10R and a CC1OG. 


Y M C 
10 10 0 Original filter pack 
(CC1OR=CC10Y+CC10M). 
Add 10 0 10 Filter to be added 
(CC10G=CC10C+ CC10Y). 


20 10 10 which includes all three colours. 
Subtract 10 10 10 Neutral density (highest common value). 


10 0 0 


Therefore, the filter required for exposing the final transparency is the 
CC10Y. 


Example 2: A colour print on ‘Ektacolor’ Paper or a transparency on 
‘Ektacolor’ Print Film is exposed through a filter pack of CC1OY + 
CC20M. After processing, the print or transparency appears green in 
colour balance; however, it appears satisfactory when viewed through a 
CCIOM filter. As stated above, the printing filter to be added should be of 
the complementary colour and of half the value of the viewing filter; 
hence, a CC05G filter should be added to the combination. 


Y M C 
10 =20 0 —_ Original filter pack. 
Add 05 0 05 Filter to be added 


(CC05G=CC05Y + CC05C). 


15 20 05 which includes all three colours. 
Subtract 05 05 05 Neutral density (highest common value). 


10 15 
Therefore, the final filter pack is CC1OY+CCI15M. 


Many determinations are not, of course, resolved so easily. However, 
the procedure outlined is always applicable, and if carefully followed will 
prevent the use of the wrong filters or a combination heavier in density 
than that necessary to obtain the result required. 

When the final print or transparency is exposed, allowance must be 
made for any change in the filters used. The exposure increases given in 
the table on page 1 provide a rough guide to the adjustment required for 
each single filter, but that required for two or more filters of different 
colours is best determined by practical trial. Alternatively, Data Sheet 
CL-13 contains a nomogram which provides a simple means of estimating 
the adjustment of exposure time necessitated by a change in the filter 
combination. 

Further details of CC filters can be found in Data Sheets CL-13, PP-12, 
and FM-3A. 


3 CL-3 


‘Kodak’ Colour-Printing Filters 


These filters are designed for use when printing from a colour negative 
on to Kodak ‘Ektacolor’ Papers or ‘Ektacolor’ Print Film. Basically, 
CP filters are similar to CC filters, both in their designation and in 
the way in which they can be combined to produce a desired filtration 
(see above). As these filters are used above the negative, the number of 
filters used is not important, but as with CC filters, it is equally advisable to 
eliminate any avoidable neutral density from the filter combination. CP 
filters, however, have improved transmission characteristics so that better 
neutrality is achieved when similar nominal values of cyan, magenta, and 
yellow are combined. Filters of 0°025 density are provided in the CP 
range, for very fine adjustment of colour balance. 





CYAN* MAGENTA YELLOW 


CP025C CP025M CP025Y 
CPOSC CPOSM CPOSY 
CPIOC CPIOM CPIOY 
CP20C CP20M CP20Y 
CP30C CP30M CP30Y 
cP40ct CP40M+ CP40Yt 
CPS5OCt CPS5OM+ CPSOY+ 





* In some cases, incomplete absorption of infra-red radiation 
by the optical system of the enlarger or printer may cause 
difficulties when printing through filter packs containing 
high values of cyan filtration. A new range of CP Cyan 
filters which counteracts these difficulties is being in- 
troduced; they will be differentiated from the filters 
described in this table by the suffix ‘‘-2"’, e.g., CP50C-2. 


+ To ensure greater accuracy in colour printing, each of the 
nominal values CP40 and CP50 is subdivided into three 
groups of actual values. The actual-value groups for 
CP40 are 374, 40, and 423, and for CP50 are 473, 50, and 
524. Both ‘‘nominal” and ‘‘actual’’ values are marked 
on the filter packets. A CP2B (equivalent to Kodak 
‘Wratten’ Filter No. 2B) is also available. 


These less-expensive CP filters are not of “optical”? quality and there- 
fore are not suitable for use on enlarger or camera lenses, but must be 
used between the light-source and the negative. Where there is no 
provision for inserting filters into this non-image-forming part of the 
light beam, CC filters should be used immediately above, within, or below 
the enlarger lens. 


Further details of CP filters can be found in Data Sheets CL-13, 
PP-12, and FM-3A. 


Kodak ‘Pola’ Screen 


A further type of light filter which can prove of service in colour 
photography is the ‘Pola’ screen. This has the special property of 
allowing the blue of the sky (in directions at right angles to that of the sun) 
to be darkened, by the absorption of polarized light, without affecting 
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colour reproduction in other parts of the subject; it also serves to subdue 
undesired reflections from non-metallic surfaces. The use of the ‘Pola’ 
screen calls for an increase in exposure of approximately 14 stops compared 
with the normal exposure. For further details see Data Sheet FT-11. 


Ultra-violet-absorbing filters 


These filters are designed for use with daylight-type colour films 
exposed in open shade, when photographs taken without a filter would be 
too blue, and for distant scenes, seascapes, mountain views, sunlit snow 
scenes, aerial photographs, and on other occasions when it is required to 
absorb ultra-violet radiation. No increase in exposure is necessary when 
using either of these filters: 

Kodak ‘Wratten’ No. 1A (‘Kodak’ Skylight Filter) has a very faint pink 
colour and is a stronger absorber of ultra-violet radiation than— 
‘Kodisk’ Haze Filter which is colourless. 


Correcting filters 


The use of the following amber ‘Wratten’ filters enables artificial-light- 
type films to be exposed successfully in daylight. For example, ‘Koda- 
chrome’ II Film, Type A, is balanced for use with Photoflood illumination, 
and if exposed by daylight, it would give a colour image with a great excess 
of blue; by the use of a ‘Wratten’ Filter No. 85 over the camera lens, this 
film can be exposed by daylight to give pictures similar to those taken in 
daylight on ‘Kodachrome’ II Film, Daylight Type. 

The three filters of this type are: 

‘Wratten’ No. 85, which allows ‘Kodachrome’ II, Type A, and ‘Ektacolor’ 
Professional, Type L, films to be used for daylight exposures. 

‘Wratten’ No. 85B, which allows ‘Ektachrome’ and High-Speed ‘Ekta- 
chrome’, Type B, films to be used for daylight exposures. 

Neither the Kodak ‘Wratten’ No. 1A nor the ‘Kodisk’ Haze filter should 
be used in addition to any of these filters, each of which incorporates an 
ultra-violet-absorbing constituent. 

The following blue ‘Wratten’ filters enable daylight-type films to be 
used with artificial light. However, their use entails a considerable loss 
in effective film speed; where possible the appropriate artificial-light-type 
film should be used (see the Data Sheets on specific colour films). 


The four filters of this type are: 
‘Wratten’ No. 80A, which enables daylight-type films to be used with 
3200°K tungsten illumination. 
‘Wratten’ No. 80B, which enables daylight-type films to be used with 
3300°—3400°K Photoflood illumination. 
‘Wratten’ No. 80C, which enables daylight-type films to be exposed 
using clear aluminium-filled flashbulbs, such as the PF.24, PF.38, PF.45, 
PF.60, and PF.100. 
‘Wratten’ No. 80D, which enables daylight-type films to be exposed 
using clear zirconium-filled flashbulbs, such as the AG.1, PF.1, No. 1, and 
PF.5. 


5 CL-3 


Kodak ‘Wratten’ Light-Balancing Filters 


This range consists of nine different filters recommended for the 
control of the colour temperature of a light-source when it is not possible 
to operate a lamp at the required colour temperature. They have an 
absorption affecting two primary colours, and fall into two distinct 
series—bluish and brownish—for raising and lowering, respectively, the 
colour temperature of the light. 





KODAK ‘WRATTEN’ LIGHT-BALANCING FILTERS 


BLUISH FILTERS BROWNISH FILTERS 

Filter No. Exposure Increase in Stops* Filter No. Exposure Increase in Stops* 
82 4 81 4 
82A t BIA $ 
82B 2 81B 1 
82C 2 BIC 4 
IEF 3 





* These figures are approximate. For critical work they should be confirmed by practical test, especially 
when combinations of filters are used. 


At 3200°K the changes effected by each set of filters are in steps of 
about 100°K;; for example, the No. 81 filter converts 3300°K tungsten light 
to 3200°K, and the No. 81A converts 3400°K light (Photoflood) to 3200°K. 
At other colour temperatures, however, the change will be in steps of 
more or less than 100°K, and the correct filter should then be found 
either by the use of the mired tables given in Data Sheet CL-5, or by 
practical experiment. 

The following tables give some indication of the conversion effects of 
some of these filters, both singly and in certain combinations. 


CONVERSION OF COLOUR TEMPERATURE TO 3200°K 


Colour Temperature of 


Source in °K Filters Required Exposure Increase in Stops* 
2490 82C + 82C 1k 
2570 82C + 82B It 
2650 82C + 82A | 
2720 82C + 82 I 
2800 82C 2 
2900 82B 2 
3000 82A i: 
3100 82 1 
3300 8I 4 
3400 8IA 4 
3500 81B 4 
3600 BIC 1 
3850 BIEF 2 





* These figures are approximate. For critical work they should be confirmed by practical test, especially 
when combinations of filters are used. 
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CONVERSION OF COLOUR TEMPERATURE TO 3400°K 


Colour Temperature of 


Source in °K Filters Required Exposure Increase in Stops* 
2610 82C 4+ 82C Fs 
2700 82C + 82B I4 
2780 82C + 82A I 
2870 82C + 82 I 
2950 82C 2 
3060 82B 2 
3180 82A $ 
3290 82 : 
3510 8 } 
3630 8IA + 
3740 81B 4 
3850 BIC t 
4140 SIEF 2 





* These figures are approximate. For critical work they should be confirmed by practical test, especially 
when combinations of filters are used. 


Additionally, the ‘Wratten’ No. 81A filter is recommended for use as a 
correcting filter with ‘Ektachrome’ and High-Speed ‘Ektachrome’, 
Type B, and ‘Ektacolor’ Professional, Type L, films which it allows to be 
exposed to 3300°—3400°K Photoflood illumination. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODACHROME 
KODISK 
EKTACHROME 
EKTACOLOR 
POLA 
WRATTEN 


Kodak Data Sheet KODAK LIMITED LONDON 
CL-3 
TPCL-3/xWP10/10-65 


FILTER RECOMMENDATIONS 
FOR ‘KODAK’ COLOUR FILMS 





THE following tables summarize the filter recommendations which apply when 
‘Kodak’ colour films are used in various types of illumination. 





ILLUMINATION 


FILM TYPE Se Clear pa ee 
and Blue amps amps 
Flashbulbs* | Flashbulbs | 3399°_3400°K | 3100°-3200°K 
Kodak ‘Ektacolor’ Normally Ronee ‘Wratten’ oe 
Professional Film, Type S no filter 80Ct No. 80B plus 82A 
‘Kodachrome’ II Film, Normally Not recom- ‘Wratten’ ee ae 
Daylight Type no filter mended No. 80B plus 82A 
‘Kodachrome-X’ Film, Normally Not recom- ‘Wratten’ Nase 
Daylight Type no filter mended No. 80B plus 82A 
SFE De Normally Not recom- ‘Wratten’ eae 
: ’ no filter mended No. 80B 2: 
Daylight Type plus 82A 
PEON eee Normally Not recom- ‘Wratten’ ie pane 
(Process E-2) no filter mended No. 80B plus 82A 
High-Speed ‘Ektachrome’ Normally Not recom- ‘Wratten’ ‘Wratten’ 
Film, Daylight Type no filter mended No. 80B No. 80B 
Roca ESL Normally Not recom- ‘Wratten’ eer 
Daylight Type no filter mended No. 80B plus 82A 





NOTE: When xenon-filled electronic flashtubes are to be used as the sole light-source, a filter may not be 
necessary. However, some flash units give better results with one of the following ‘Wratten’ filters—No. 81, 
8I1A, 81B, or IA. When using electronic flash with ‘Ektachrome’ Films (Process E-3), Daylight Type, consult the 
supplementary instructions included with each package of film. 


*In daylight, within two hours of sunrise or sunset, the use of a ‘Wratten’ No. 82A filter is recommended; in 
bluish daylight, or when an excess of ultra-violet radiation is present, a ‘Wratten’ No. 1A (‘Kodak’ Skylight) 
filter is recomended. 

This category also includes the use of blue flashbulbs as a “‘fill-in’’ light-source. 


+For best results, the use of daylight-type films, with correcting filters, is not recommended for tungsten 
illumination; whenever possible, the appropriate artificial-light type film should be used. 


$The instruction sheets included with this film, which is packed in the U.S.A., recommend the use of a ‘Wratten’ 
No. 80C filter, which is not marketed by Kodak Limited in the United Kingdom. Its nearest equivalent, the 
‘Wratten’ No. 80B filter can be used with satisfactory results. 
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ILLUMINATION 





















FILM TYPE Photoflood Tungsten . 
2 Clear Lamps, Lamps, on fi Iled 
Daylight | Fiashbulbs | 3300°— 3100°— prcuronie 
3400°K 3200°K Flashtubes 
es ‘Wratten’ a ‘Wratten’ Filter not 2) 
Type 7255 No. 85 No. 81! required 
Pees ‘Wratten’ ‘Wratten’ ‘Wratten’ Filter not ‘Wratten’ 
mie. are No. 85B No. 81C No. 81A required No. 85B 
Type B 
Film (procs Fay, ‘Wratten’ ‘Wratten’ ‘Wratten’ Filter not | Not recom- 
Type B * No. 85B No. 81C No. 81A required mended 
‘Ektacolor’ Film, ‘Wratten’ | Not recom- | ‘Wratten’ Filter not | Not recom- 
Type L No. 85B mended No. 81A required mended 








ILLUMINATION 
EE Clear Cee ae "| Xenon-filled 
Daylight | Fiashbulbs | 3300°- 310° | | Frecranic 
3400°K 3200°K 
ee ‘Wratten’ Filter not ‘Wratten’ ‘Wratten’ | Not recom- 
( eee Ee No. 85C | required | No.82A | No.82C | mended 
‘Kodachrome’ II ‘Wratten’ ‘Wratten’ Filter not ‘Wratten’ | Not recom- 
Film, Type A No. 85 No. 81C required No. 82A mended 
el ee Normally Filter not ‘Wratten’ ‘Wratten’ ‘Wratten’ 
2 psec no filter* required No. 82A No. 82C No. 85 
c Tee. Normally Filter not ‘Wratten’ ‘Wratten’ ‘Wratten’ 
2 ere re no filter* required No. 82A No. 82C No. 85 





*This film is balanced for exposure, without a filter, either in daylight or with clear flashbulbs, but the use of a 
‘Wratten’ No. 85C filter is recommended for daylight exposures when the resultant negatives are to be printed 
by the user with manual selection of printing filters; this procedure allows, approximately, the same basic filter 
combination to be used during printing using negatives made with both types of light-source. 


Kodak, and product names quoted thus--‘Wratten’—-are trade marks 
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DEVELOPING ‘KODAK’ PLATES AND FILMS 


Contrast and gamma 


For the best results the degree of development of a negative must be 
varied according to the characteristics of the equipment in which it is to 
be printed, whether by contact or projection. 


The “gamma” of a negative is a measure of the contrast to which it is 
developed. A gamma of 1-0 means that the contrast in the negative just 
reproduces the subject contrast. However, a lower value, a gamma of 
approximately 0-8—which means that the negative has a lower contrast 
than the original scene—is generally adopted for sheet films and plates, 
while an even lower gamma of 0:6 - 0:7 is desirable for roll and miniature 
films. 


Factors which influence contrast and development time 


The development time desirable in any given case depends upon : 
(1) The kind of photographic material used. 
(2) The developer used and its strength. 
(3) The contrast or gamma desired. 
(4) The temperature of the developer. 
(5) The conditions of development, particularly as regards the 
degree of agitation of the solution. 

It is possible to give accurate information on points (1), (2), and (3) in the 
form of time-gamma curves, which are given on the Data Sheets dealing 
with the materials concerned. Since these curves represent the behaviour 
of a particular material only, under one set of conditions, their application 
is necessarily restricted and for accurate work they are best determined by 
the photographer under his own conditions. Generally speaking, a know- 
ledge of how to standardise contrast for each particular class of work is more 
important than data on the variation of contrast with development time. 

There are three sources from which variation in negative qualities may 
arise during development—temperature, exhaustion life of developer, and 
degree of agitation. 


Influence of temperature 


‘Kodak’ developers are recommended for use at the temperature of 
68°F (20°C) in most cases. If this particular temperature is inconve- 
nient it is advisable to use the range 65°-70°F (18°-21°C). Although it 
is a comparatively simple matter to raise the temperature in cold weather 
with an immersion heater or similar device, in warm weather it may be 
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found difficult to maintain the temperature of developing solutions as low 
as the recommended level of 68°F. It is then necessary to compensate 
for the deviation by modifying the development time suitably. A time- 
temperature curve covering the range 55°-75°F is given on the Data 
Sheets dealing with specific materials. 


Development at high temperatures 

While the temperature of all processing solutions should be kept at about 
68°F whenever possible (with the exception of D-25 which is recom- 
mended for use at 77°F), most developers (except those with highly 
alkaline solutions) can safely be used at temperatures up to 75°F provided 
the correct development times are given and an effective hardening-fixing 
bath is used. When it is impossible to cool the solutions below 75°F 
the following special precautions must be taken to avoid excessive swelling 
and softening of the emulsion, with the attendant risks of damage to the 
image :— 

1. Special tropical developers such as Kodak DK-15 Tropical Deve- 
loper should be used or a high concentration of an inert salt added 
to a normal developer to prevent swelling of the emulsion. For 
instance, Kodak D-76 developer can be used with the addition of 
45 grammes of anhydrous sodium sulphate (not sulphite) per 80 
ounces or 105 grammes of the crystals per litre. 


2. The wash water and all solutions used should be at almost the same 
temperature, at least within 5°F. 


3. The film or plate should then be hardened for 3 minutes in a fresh 
solution made to Kodak formula SB-4. It should be agitated for 
the first 15 or 20 seconds. 


4. The film or plate should then be fixed in a fresh hardening-fixing bath 
F-5 for at least 10 minutes but not more than 20 minutes according 
to the temperature of the washing water. 


5. Washing should not be prolonged. The time varies according to the 
temperature. 


6. Before drying, rinse the material for 30 seconds in Kodak ‘Photo- 
Flo’ solution, in the dilution recommended. Alternatively all 
surplus moisture should be removed from the surface of the material 
with moist cotton-wool, chamois leather, or a viscose sponge before 
drying. 

For details of the formulae mentioned above see Data Sheets FY-2 

and FY-4. Tropical processing is fully dealt with in Data Booklet GN-5. 
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Influence of agitation 

Development times, when using intermittent agitation—defined as 
brief but thorough agitation at the start, and at intervals of one minute 
throughout the period of development—are approximately 25 per cent 
more than for continuous agitation in dish or tank, for a given contrast 
or gamma. Thus, the change in development times may be represented 
as follows, taking as a particular example the development of P.300 Rapid 
Panchromatic Plates developed in D-6la developer, diluted 1-+-3, at 68°F, 
to an approximate gamma of 0-8. 


With continuous agitation in dish 6 min 
With continuous agitation in tank 6 min 
With intermittent agitation in tank 74 min 


Efficient agitation is at all times desirable and a certain amount is essential 
if the risk of uneven development is to be avoided. 


Exhaustion of the developer 


While it is undoubtedly a commonly recommended practice to use fresh 
developer for each negative—or batch of negatives—such a procedure is 
by no means necessary and not always economical. A developer that is 
used a number of times suffers a gradual loss in activity both by the oxida- 
tion of the developing agents and by the liberation of soluble bromides 
which act as a restrainer to the developer. To overcome such variation 
in the activity of the developer, a “ replenisher ” may be added. This is a 
solution the composition of which has been so adjusted that its addition 
to the partially exhausted developer brings the developer up to its former 
activity. 

Replenishers of this kind have been evolved for ‘Microdol’, D-16, 
D-19b, D-23, D-25, DK-50, D-61a, and D-76 developers (see Data 
Sheet FY-2). 

Alternative to the addition of a replenisher is the less satisfactory method 
of compensating for the loss of activity of the developer by increasing the 
time of development; but inevitably, as the solution deteriorates, it 
finally reaches a stage where a time allowance can no longer compensate 
for the loss of activity and in consequence the quality of the negative 
suffers. 


Mixing the developer 


Almost all developer formulae contain three essential constituents: a 
developing agent such as hydroquinone or ‘Elon’, singly or in com- 
bination; an accelerator such as sodium carbonate, borax, or ‘Kodalk’; a 
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preservative such as sodium sulphite. In addition, a small quantity of 
a restrainer such as potassium bromide is usually added. When the 
solution is made up it is essential that the constituents should be dissolved 
in the proper order. For instance, if the accelerator is added to the 
solution containing the developing agent before the preservative, the 
solution will become brown due to oxidation by the air, and its properties 
will be impaired. Usually the preservative should be dissolved first, then 
the developing agent and lastly the accelerator. The one exception to this 
is in the case of ‘Elon’, which should be dissolved first as it is only slightly 
soluble in sodium sulphite solution though readily soluble in water. In 
all Kodak formulae the ingredients are named in the order in which they 
should be dissolved. 


Recommended chemicals 


The most important Kodak developers are available as packed chemicals 
or in liquid or concentrated liquid form—a list of these is given at the 
back of Data Sheet FY-2. 


Kodak, Elon, Microdol, Kodalk, and Photo-Flo are trade marks 
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GRANULARITY AND GRAININESS 


A photographic image when magnified is seen to be composed of minute 
black elements of silver of various sizes and shapes in a quite heterogeneous 
arrangement. Whilst a magnification of several hundred diameters is 
necessary to make each particle clearly visible, the effect of the scattered 
grains and, more especially, their apparent clumping is noticeable at 
relatively small degrees of enlargement. Apart from the pattern produced 
by the distribution of grains in any single plane parallel to the emulsion 
surface, the total pattern produced by the overlapping of all these single 
planes at varying depths in the emulsion must be considered. These 
phenomena are responsible for the visible effect which is often described 
as ‘“‘grain’’. 

The importance of this grain structure is considerable in many ap- 
plications of photography. In motion-picture and miniature-camera use, 
it may seriously affect picture quality, while in more specialized fields, 
such as spectrography, the grainy character of images may interfere with 
accurate measurement and reduce the visibility of detail. 


GRANULARITY AND GRAININESS 


A microdensitometer trace across a negative shows by its irregular 
fluctuations the grainy nature of the image. From these fluctuations it is 
possible to calculate a numerical physical characteristic of the sample 
called the “granularity”. When a grainy sample is looked at, with or 
without magnification, its appearance is determined not only by the 
granularity but also by the limited resolving power of the eye, which 
itself depends upon the brightness of the sample. The clumps of grains 
appear relatively more prominent, mainly because the finer detail which 
would otherwise compete with them for attention is lost, and samples of 
high density appear less grainy than low-density samples of the same 
material unless they are so strongly illuminated as to appear as bright as 
low-density samples. The apparent irregularity of density diminishes as 
the magnification of the image on the retina is decreased, for example, by 
moving the sample away from the observer. The reciprocal of the 
magnification at which the grainy appearance reaches some low standard 
value, under standardized conditions of observation, is called the “graini- 
ness’’. 


The following factors influence, to some degree, the resultant print 
graininess: in general, the effect of each factor is well defined and may 
therefore, with care, be kept under control. 


Factors affecting the negative 


| The negative emulsion used. 

2 The exposure given. 

3 The subject contrast and detail. 
4 The developer used. 

5 The conditions of processing. 
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Factors affecting the print 

! The type of enlarger and method of enlargement or, to a lesser degree, 
the type of contact printer and method of printing. 

2 The paper characteristics, especially the grade and surface texture. 

3 The conditions of viewing the print. 


GRANULARITY AND THE NEGATIVE 


In normal photographic work the granularity determines the highest 
degree of enlargement permissible with any negative, greater enlargement 
resulting in an unpleasant appearance and poorer visibility of detail than 
ought to be tolerated. The granularity of an emulsion is approximately 
correlated with its sensitivity. Such materials as process and lantern 
plates, micro-film, etc. have fine emulsion grains and low granularity, 
and are characterized by high contrast, low speed, and high resolving 
power, whereas high-speed materials have coarser emulsion grains and 
higher granularity. With the high-speed emulsions used in general 
photography, graininess becomes apparent at enlargements of 6 to 12 
diameters. The Kodak range of emulsions for miniature photography 
comprises ‘Panatomic-X’, ‘Plus-X’ Pan, and ‘Tri-X’ Pan films. ‘Pana- 
tomic-X’ film has the lowest graininess of this group; with it the use 
of normal developers will produce negatives which are perfectly satis- 
factory, special fine-grain developers being unnecessary except when 
enlargements of 12 or more diameters are required. 

Graininess, in either negatives or prints, is most apparent in large areas 
of uniform density, as, for instance, in the sky of a landscape picture or 
the face tones of a close-up portrait. Strong detail tends to hide the 
effect and a print from a negative with overall sharp focus will often show 
less obvious graininess than one of softer definition. The granularity of 
the negative image also varies with the density; it rises fairly rapidly at low 
densities and then more slowly at high densities. Thus, to obtain the 
lowest possible overall granularity and the lowest graininess in the print, 
the negative density should be kept low, as any increase in density will 
involve an increase in granularity of the negative and consequent graini- 
ness of the print. In other words it has been found best to use a negative 
which has received the least possible exposure consistent with retaining 
satisfactory tone reproduction. 

The energy of a developer has a definite effect on the granularity and on 
the effective emulsion speed. A high-energy maximum-speed developer 
gives greater granularity than one of lower activity. In general, it is true 
to say that low granularity and lower graininess in the resultant print can 
be obtained only at the expense of film speed. It should be noted, how- 
ever, that low effective speed does not necessarily mean low graininess. 
‘Kodak’ D-76 developer gives maximum emulsion speed and reasonably 
fine grain, and D-23 is of the same general type. With an additional 
exposure of approximately 50 per cent, one of the Kodak extra-fine-grain 
developers, ‘Microdol-X’ or D-25, can be used, permitting considerable 
enlargement (18 or 20 diameters with ‘Panatomic-X’ film developed in 
‘Microdol-X’ developer) before noticeable graininess is produced. 

Granularity increases with negative contrast, which in turn can be 
controlled by the time of development and the temperature of the deve- 
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loper. Graininess in the print is, however, not usually seriously affected 
by increased negative gamma, as this necessitates a softer-contrast grade 
of printing paper which, in turn, reduces the graininess. With miniature 
negatives, where minimum graininess is essential in the final print, devel- 
opment to a moderate gamma (approximately 0-55) is recommended. 
As such negatives are generally enlarged on condenser-type enlargers 
with considerable magnification, a normal grade of paper is still usable. 
Larger negatives intended for contact printing or enlarging by diffuse 
illumination can be developed to a slightly higher gamma (e.g., 0-7), if 
desired. Temperatures should be kept constant from one solution to 
another throughout the processing operations, preferably to within 3C° 
(5F°), or a mild form of reticulation may be caused, giving an effect, which 
will show in the print, similar to graininess. 


GRAININESS AND PRINTING 


Normally, of course, a low-contrast negative is printed on to a high- 
contrast paper and a high-contrast negative on to a low-contrast paper. 
This is done to maintain approximately constant the relationship between 
the tone values of the final print and of the original subject. If the same 
negative is enlarged on to two papers differing in grade of contrast, the 
print on the more contrasty grade will appear to have the more marked 
graininess. Similarly the use of a condenser-type enlarger results in more 
obvious grain than that apparent on a print made with an enlarger having 
a diffused light-source. Increased granularity in the negative due to 
higher contrast is therefore largely compensated for in printing, unless the 
subject matter is intrinsically of low contrast and a photographic record 
of exaggerated contrast is required. To reduce the graininess in an en- 
largement, it is possible to use some device which will spread the image 
sufficiently for the individual grain patterns to merge. This causes a 
corresponding loss of picture definition and fine detail. Whether or not 
this is a serious consideration depends on the subject and requirements of 
the photograph and the individual. Diffusion can be obtained ina variety 
of ways by attaching to the enlarger lens, wide-mesh silk or muslin, shaped 
celluloid, greased glass or one of the special diffusing attachments sold for 
the purpose. The degree of diffusion can be controlled either by the 
material selected or by giving part of the exposure through the diffusing 
medium and the remainder of the exposure without it. Some devices 
permit control by selection of the lens aperture. 


GRAININESS ON CINE FILMS 


The quality of a cine-film image on the screen is not dependent solely 
on the graininess and definition of the individual frames themselves. 
Overlapping of the graininess pattern in successive frames greatly improves 
the screen image quality. Although at the very great magnifications used 
for cinema projection the picture seems of high quality, even a 8x 10 
inch print produced from a single frame will often be surprisingly poor. 
Multiple printing of 3 or 4 frames from a cine negative (of a static subject) 
in exact register on a single plate, film or piece of printing paper gives a 
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greatly improved result. Registration should be carried out very carefully 
and the total exposure time should be divided equally between the number 
of frames printed. 


RECOMMENDATIONS 


To obtain minimum graininess under any set of conditions always use 
the finest-grain film that has sufficient speed to allow its use in the particular 
problem. Use an extra-fine-grain developer, ‘Microdol-X’ or D-25, with 
negatives that have received a slightly increased exposure. When full 
emulsion speed is required develop in D-76 or D-23 developer (see Data 
Sheet PR-3). Clean working is essential during the processing operations 
and care should be taken to minimize any temperature differences of one 
processing solution to another. 
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FINE-GRAIN DEVELOPMENT 


DuvRING recent years there has been a progressive tendency towards the use 
of smaller negative sizes. The chief objection to this in the past has been 
graininess, which impairs the definition in enlargements (see Data Sheet 
PR-2, Graininess and Granularity). The faster a photographic material 
the coarser its grains but even the fastest have reasonably fine grains, while 
very fine-grain materials are obtainable which have a speed comparable 
with the fastest materials obtainable only a few years ago. For the 
lowest granularity with any material, a special fine-grain developer should 
be used, but this always results in some loss of working speed and may 
result in considerable loss unless the developer is carefully chosen. 

From this point of view developing formulae can be divided into three 
general classes :— 


1. Fast-working developers of the conventional ‘Elon’-Hydroquinone 
type, such as ‘Kodak’ Special Developer D.163, which are characterised 
by relatively high alkali content and resultant high activity. With such 
developers granularity of a negative is mainly a function of the emulsion 
and is greater than with Classes 2 and 3 for any given emulsion. 


2. Medium fine-grain developers with low alkali and high sulphite 
content, such as ‘Kodak’ D.76. 


3. True fine-grain developers, which normally contain para- 
phenylenediamine or one of its derivatives. 


Class 3 usually has the disadvantage that although the working speed 
of the emulsion is appreciably lowered and although the granularity is 
diminished accordingly, the resolving power of the emulsion is not, in 
general, improved as much as would be expected from this diminution. 
Good resolution is just as important as fine grain in small negatives. Other 
drawbacks associated with Class 3 developers are poor keeping qualities, 
sudden break-down, liability to cause skin irritation with some workers 
and the staining effect on the hands. These drawbacks, associated with 
the use of para-phenylenediamine and related compounds, were completely 
overcome in the fine-grain developer, formula DK.20 devised by Crabtree 
and Henn of the Kodak Laboratories, and in the subsequently introduced 
packed ‘Microdol’ developer which has even superior chemical properties 
to DK.20. As a result of careful experiment they are of the opinion that 
two developers will fulfil practically all fine-grain requirements. These are 
D.76 in Class 2, which is recommended when the lowest graininess 
consistent with the highest possible emulsion speed, both determined in 
relation to the print is required; and ‘Microdol’ developer in Class 3. 
‘Microdol’ developers avoid the drawbacks of the para-phenylene-type 
developers. Although the graininess obtained is just detectably higher than 
with the best para-phenylenediamine formulae, the difference is unim- 
portant in most “true”’ fine-grain work. 


Graininess 
For a given emulsion the graininess differences between developers in a 
given class are not great and are affected by slight differences in the density 
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and contrast of the final print. The order of graininess is determined in 
the first place by the emulsion and for the minimum graininess with any 
class of developer a fine-grain emulsion such as ‘Panatomic’-X should be 
used. The relative graininess of ‘Panatomic’-X film developed to equal 
gammas in ‘Kodak’ developers D.163, D.76, DK.20 and a typical para- 
phenylenediamine formula is illustrated by the 50-diameter enlargements 
below. D.163 shows rather more graininess than D.76, DK.20 shows a 
great improvement over D.76 and the para-phenylenediamine developer 
gives slightly finer grain than DK.20. These comparisons do not neces- 
sarily hold for all films, but are roughly true for other ‘Kodak’ films. 
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(‘Microdol’ developer Class 3 
produces a very similar 

result) 
Class 3 


Even finer grain can be obtained with ‘Microdol’ developer by the 
addition of 40 minims (2:4 c.c.) of K.A.F. ‘Kodak’ Anti-Fog Solution (or 
a solution prepared from K.A.F. ‘Kodak’ Anti-Fog Powder) to 20 oz. 
(570 c.c.) of developer. This results in a considerable decrease in graininess 
over that obtained from an unmodified solution and requires about half a 
stop extra exposure. Image sharpness is retained to a remarkable extent. 
Further additions of K.A.F. up to a maximum of } oz. (7°2 c.c.) per 20 oz. 
(570 c.c.) of developer produce still finer grain; at this concentration, 
however, the speed loss is of the order of one stop. At concentrations 
greater than this no further effective decrease in graininess is obtained. 

Even with the maximum recommended addition no extra development 
time is required; the contrast remains constant for a given development 
time. Proper agitation, however, is most important as the effect is mini- 
mised by lack of agitation. Normal intermittent agitation, consisting of a 
thorough but brief agitation once a minute, is quite satisfactory. 


Emulsion speed 


When comparing the graininess characteristics of developers, it is 
important to consider the relative losses of emulsion speed. At a photo- 
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graphic gamma of 0°8, which is suitable for fine-grain work, the following 
exposure: speed relationships hold :— 


(a) Developers of Class 2 (D.76 type) result in the highest effective 
working speeds. 

(b) With ‘Microdol’ developer, the emulsion working speeds are 
from 65 to 70 per cent. of those given by D.76. When using the ultra- 
fine-grain technique, as described above, however, the further extra 
exposure must be given. 

(c) The use of formulae in Class 1, such as D.163, results in working 
speeds which are 50 per cent. less than those given by D.76. These 
speeds are no greater than those given by ‘Microdol’ developer despite 
the considerably coarser grain. Workers accustomed to the faster- 
working developer of Class 1 will thus observe no decrease of emulsion 
speed with ‘Microdol’ developer, but a definite decrease in graininess. 
Those accustomed to D.76 will observe a slight loss in speed when using 
‘Microdol’ developer, but as few films are exposed to an accuracy closer 
than one half of a stop, the inherent latitude of the emulsion makes 
ample allowance for such a margin. 


Rate of development and fog 

The rates of development of D.76 and ‘Microdol’ developers, are 
similar, but generally speaking the recommended D.76 development times 
are slightly shorter than the recommended ‘Microdol’ development times. 
It is not advisable to increase the rate of development, for tests indicate 
that graininess increases with the activity of the developer. The fog 
produced by both developers is low. 


Keeping properties 

D.76 will keep for a month in a deep open tank and for six months in a 
full stoppered bottle. 

‘Microdol’ developer loses its activity slowly and long storage in deep 
tanks has shown no marked effect on its activity. During exhaustion both 
developers show a moderate decrease in graininess with corresponding 
speed loss. 


Effect of temperature 

Both developers give minimum graininess with the least speed loss at 
temperatures between 65° to 70° F. (18° to 21° C.) but may be used at 
any temperature between 60° and 75° F. (16° and 24° C.). The recom- 
mended temperature is 68° F. (20° C.). 


Replenishing 

When tank development is employed, the use of D.76R and ‘Microdol’ 
replenisher maintain both the graininess and fog value constant in their 
respective developers and also maintain as high an emulsion speed as 
possible. A given high-light density is preserved throughout the developer 
life for a constant development time at a constant temperature, provided 
the recommended volume of replenisher is added. D.76, D.76R, ‘Microdol’ 
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developer, and ‘Microdol’ replenisher are all available in ready-prepared 
form. A developer should never be replenished with water and a floating 
lid should be kept on the surface of a developer whenever possible. 


General technique 


Developer, fixing bath and washing water should be as nearly as possible 
at the same temperature to prevent reticulation, which when fine appears 
similar to coarse grain. 

It is particularly important with miniature films to maintain an acid 
hardening-fixing bath in fresh condition and with its hardening properties 
unimpaired. A separate hardening bath minimizes the risk of scratches 
and of dirt sticking to the film. Rapid drying in a cool current of air is 
advisable, and where possible, the air should be dust-free. If a fan is 
used the air must, therefore, be filtered with muslin or by other means. 
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PROCESSING 35mm AND 70mm 
RECORDING AND FLUOROGRAPHICG FILMS 


THE majority of recording and fluorographic films used in Britain are 
either 35 mm or 70 mm wide, but a variety of methods of processing is 
necessitated by other considerations, such as length, the quantity to be 
processed, the total permissible expenditure on equipment and the quality 
desired in the final record. 

The film, after exposure, must be processed in a darkroom having 
suitable safelight illumination. With all except the very shortest lengths, 
processing necessitates the use of some form of mechanical equipment to 
hold the film while it is agitated in the various solutions and washed. 
Finally, it must be exposed to the air to dry. 

As with all small film images, a number of precautions must be taken 
if the best results are required :— 

(a) Great care must be taken not to scratch or otherwise mark the surface 
of the film. If the film is handled at all during loading, processing and 
inspection, it must be held by the edges only. It is easily fingermarked 
and such marks cannot be removed later. It is essential to keep the film 
free from contamination of any sort by avoiding contact with all solid 
objects, and the raising of dust in the darkroom. 

(b) The temperature of all the solutions used should be almost the same 
within a few degrees and preferably about 68° F (20° C). 

(c) The films should be well agitated during development and fixing, 
whatever equipment is employed, in order to avoid uneven action of the 
solutions. 


Safelighting 
The following are the safelights recommended for recording and 
fluorographic materials : 


Indirect lighting Direct lighting 
‘Wratten’ Series ‘Wratten’ Series 


Film 
‘Kodak’ R.20 Recording . . . . . | I 
‘Kodak’ R.55 Recording . ce eto, 1 
‘Flurodak’ Green-Sensitive Negative. |) 
‘Kodak’ R.60 Recording . . . > at 
‘Fluropan’ Panchromatic Negative ' 


2 Not recommended 


Not recommended 


3 
, (with caution) 





Equipment 

For lengths of 35 mm or 70 mm film up to 24 feet, the ‘Kodak’ 35 mm 
Spiral Film-Processing Outfit Model 24 (Figure 1), or the ‘Kodak’ 70 mm 
Spiral Film-Processing Outfit Model 24, respectively, is recommended; 
for lengths up to 100 feet there are the ‘Kodak’ 35 mm Spiral Film- 
Processing Outfit Model 100 and the ‘Kodak’ 70 mm Spiral Film- 
Processing Outfit Model 100. Lengths of 35 mm film up to 63 inches 
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can conveniently be processed in one 
of the standard spiral tanks designed 
for the processing of miniature films. 


In the ‘Kodak’ Spiral Film-Process- 
ing Outfits the practical difficulty of 
loading a relatively long film into the 
spiral spool has been overcome by the 
use of a mechanical guide, which feeds 
the film automatically into the grooves. 
The spool may be loaded with the film 
wound on a standard ‘Tenite’ core, 
with the film in the form of a roll, or 
from a standard 100 ft spool. Full 
details are available on application. 


Processing 


When the exposed film has been 
transferred to the spool in the dark- 
room, it should be immersed in a _ 4 
fore-bath of ‘Kodak’ Wetting Agent 
and then in the developer for the 
appropriate time. The fore-bath (a 
solution of ‘Kodak’ Wetting Agent in Figure | 
the proportion of 1 drop to 1 ounce 
of water) reduces the risk of air-bells and promotes even development. 
Immediately upon immersion the film should be agitated vigorously; 
about five or six sharp vertical movements, tapping the spool on the 
bottom of the tank, should suffice. This ensures the removal of the air 
bells which tend to adhere to the film, particularly if the fore-bath is not 
used. The spool should be agitated, for a few seconds at least, once a 
minute during the period of development; sufficient agitation is of greatest 
importance during the first half of the development period. Spiral spools 
should be rotated on their axes as well as being agitated vertically. 


The developer, and all other solutions used, should be maintained, 
as far as possible, at 68° F (20° C). Ifthis proves impossible, the develop- 
ment time should be modified according to the curve given on the Data 
Sheet for the material concerned, but the temperature selected must be 
kept steady during the period of development and the subsequent opera- 
tions should be carried out in solutions of approximately the same temp- 
erature within a few degrees. Under tropical conditions (temperatures 
over 75° F [24° C]) special precautions should be taken (see Data 
Booklet GN-5). 

The development times in an undiluted solution of D.19b Kodak 
developer, as given on the opposite page, are for a temperature of 68° F 
(20° C) and continuous agitation. 

When using the films under average conditions, the first time will 
generally be found satisfactory, but in other circumstances the times may 
with advantage be increased or decreased within the ranges shown in 
brackets. 
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Film Development Times 


‘Kodak’ R.20 Recording . 24 min (2-5 min) 
‘Kodak’ R.55 Recording . 4 min (3-15 min) 
‘Kodak’ R.60 Recording .. 4 min (3-15 min) 
‘Flurodak’ Green-Sensitive Negative 5S min (4-6 min) 
‘Fluropan’ Panchromatic Negative 7 min (6-8 min) 





Alternatively, a concentrated liquid developer, ‘Kodak’ DX.80 (made 
up as recommended), is very suitable. Development times are generally 
four-fifths of that in D.19b. 


Increasing or decreasing the development time of any of these films 
within the recommended range gives respectively an increase or a decrease 
in the emulsion speed and contrast. 


With recording films, an increase in contrast, however, may be undesir- 
able when the trace to be recorded varies greatly in intensity or when a 
constant-intensity light spot varies greatly in its rate of movement. In 
these cases, more acceptable results can usually be obtained if the contrast 
of the image is reduced by the use of the lower figures of the recommended 
ranges. 


As soon as development is completed, the film should be removed from 
the bath of developer, allowed to drain for a few seconds and then im- 
mersed for about 30 seconds either in a solution of ‘Kodak’ Liquid Stop 
Bath with Indicator or in clean water. The film is then transferred to 
the fixing bath recommended for the material concerned: ‘Kodak’ X-ray 
Acid Fixing Salt with Hardener or ‘Kodak’ X-ray Rapid Acid Fixer for 
the fluorographic films, and ‘Kodak’ Acid Fixing Salt with Hardener or 
‘Kodak’ Acid Fixer Powder for the recording films. Agitation should be 
carried out in the fixing bath as in the developer. After the film has been 
in the bath for 1 minute, the white light can be turned on, but the film 
should not be subjected to full daylight until it is fixed. Fixing should 
be complete within 10 minutes in a fresh bath at 68° F (20° C), but the 
time required will increase with use. The time of immersion should be 
at least twice the time taken for the film to become quite free from 
opalescence. 


Washing and drying 

When fixing is complete, the film should be washed. This should be 
undertaken, where possible, by passing a continuous flow of water through 
the tank. In addition, the spool should be taken out and allowed to 
drain once or twice during washing, the tank meanwhile being emptied 
and refilled with fresh water. Under these conditions a washing time of 
30 minutes should be sufficient for any of the aforementioned films. 

It is most important that the water should be free from particles of grit; 
the use on the tap of a ‘Kodak’ Water Filter Model 3 is strongly recom- 
mended. Where running water is not available, the tank should be 
emptied and refilled at intervals of five minutes; six complete changes of 
clean water should be sufficient to provide adequate washing. 
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When washing is complete, 
the film should be immersed 
for about 30 seconds in Kodak 
‘Photo-Flo’ Solution in the 
dilution recommended: dis- 
tilled water should be used if 
the tap water is hard. This 
ensures that surplus water will 
not remain on the surface of 
the film and thus that drying 
will be as uniform and rapid 
as possible. 

A convenient and speedy 
means of drying when using 
the spiral spools of the Model 
24 outfits—either 35 or 70 mm 
—is the ‘Kodak’ 35/70 Spiral 
Film Dryer (Figure 2). This 
dries the film on the spool in 
approximately 30-45 minutes. 

In all other cases, the film 
must be removed from the 
spool and dried in the most 
convenient way. A drum can 
be constructed if much film has 
to be dried in lengths greater than about 10 ft. A suitable drum is 3 ft 
long by 1 ft 6 in. in diameter, made of any convenient material—if of 
wood it should preferably be slatted—and covered with a thick, fluffless, 
absorbent material such as good quality felt. If the film can be cut into 
lengths of not more than 10 ft, it may be hung vertically by one end or 
half way along the film, in a room, cupboard or drying cabinet. Otherwise 
the only method of drying is to suspend it in festoons over lines stretched 
across the room. Care should be taken to place only the back of the film 
in contact with the line and to space the festoons equally so that there is 
no tendency to slip. The ends should be secured to lines, or weighted 
down. ‘Kodak’ Film Clips are convenient for this purpose. The lines 
should be of non-metallic: material. It is important that the room used 
for drying should be cool, airy and reasonably free from fluff and dust, as 
far as this is possible. 

If these directions are carefully followed, the final dry negative should 
be free from irregularities of the image, dirt and drying deposits on both 
faces of the film. In some cases, however, it is extremely difficult to avoid 
slight deposits on the surfaces during drying. These can be removed by 
careful wiping with a soft clean cloth, such as an old handkerchief. If 
necessary, ‘Kodak’ Film Cleaning Solution can be used sparingly. The 
back of unbacked films should be lightly polished, but the emulsion surface 
(and both faces of backed films) should be wiped only very lightly, or 
permanent scratches will be produced which may be worse than the original 
dirt. 





Figure 2 


Kodak, Wratten, Flurodak, Fluropan, Tenite and Photo-Flo are trade marks 
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PROCESSING RECORDING FILMS AND PAPERS 


A variety of methods of processing these materials is necessitated by many 
factors, such as the dimensions of the material, the quantity to be pro- 
cessed, the total permissible expenditure on equipment, and the quality 
desired in the final record. 


SAFELIGHTING 


All films and papers used for recording are sensitive to white light, and 
should therefore be unpacked, handled, and processed only under the 
specified conditions of safelight illumination. The light by which photo- 
graphic materials may be safely handled is determined by their speed and 
colour sensitivity. The Kodak ‘Wratten’ safelight filter appropriate to 
each recording film or paper is indicated below, and these recommenda- 
tions should be followed in handling and processing. If the recom- 
mendations are not convenient, then a practical test should be made under 
the actual working conditions. The safelight lamps should be fitted with 
25-watt bulbs; lamps for direct illumination should be at a distance of 
at least 4 feet from the sensitized material. Indirect safelighting can be 
obtained by directing the light from the safelight lamp towards a ceiling 
or light-coloured wall, ensuring that no direct rays from the lamp reach 
the film or paper. The reflecting surface should be at least 7 feet from 
the position in which the sensitized material is handled. 


Sensitized Material Indirect Lighting Direct Lighting 


Films 


R.55 ‘Wratten’ Series 2 (dark red) Not recommended 


R.60 ‘Wratten’ Series 3 (dark green) Not recommended 
(with caution) 


Papers 


RP.12 (Print-out) . ‘Wratten’ Series 00 (yellow) * ‘Wratten’ Series 00 
(yellow) * 

RP.20. . . . 

RP.30. . . . ‘Wratten’ Series | (red) ‘Wratten’ Series | 

RP.35 . : } (red) 


‘Linagraph’ 480 . ‘Wratten’ Series 2 (dark red) Not recommended 





* These recommendations only apply when the optional processing procedure for RP.I2 is followed. 
For details see Data Sheet PP-8A. 


PROCESSING 
Development 


The temperature of all processing solutions and washing water should, 
ideally, be constant throughout, and in any case should not vary from one 
step to the next by more than a few degrees. 

‘Kodak’ DX-80 Developer, a concentrated liquid developer, should be 
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used for preference, as changes in its dilution allow development times to 
be altered to produce a constant degree of contrast and effective emulsion 
speed—a useful characteristic for users of continuous-processing 
machines. Alternatively, a solution made up according to Kodak formula 
D-19b (see Data Sheet FY-2) may be used; this developer is also 
available as a ‘Kodak’ Packed Developer. 


The development times in the tables below are given as a guide. Exact 
practice will depend upon the apparatus employed and the conditions of 
use, but DX-80 should not be used at a higher concentration than the 
1 +- 2 dilution recommended; higher concentrations will not reduce the 
development time. Serious over-exposure should also be avoided, 
especially where accuracy is of prime importance, as it tends to produce 
a spreading of the lines. 


Irrespective of whether a dish or a tank is used, the time should be taken 
in accordance with the agitation employed. 


DEVELOPMENT TIMES FOR RECORDING FILMS 


Developer Dilution Agitation * Time at 68°F (20°C) 


f 144 Continuous 34 min 
DX-80+ v 142 Continuous 24 min 


D-19b¢ Undiluted Continuous 4 min 





* For degrees of agitation other than continuous, the times given may need to be increased by up to 
30 per cent. 


t Available as a ‘Kodak’ Liquid Developer. 
$ Available as a ‘Kodak’ Packed Developer Powder. 


DEVELOPMENT TIMES FOR RECORDING PAPERS * 


Time at 
Developer Dilution Agitation} 68°F 90°F 
(20°C) (32°C) 


S| |+4 Continuous 34 min 70 sec 
ae Uo ob+2 Continuous 24 min 50 sec 


D-19bs Undiluted Continuous 4 min 80 sec 





* These recommendations do not apply to RP.12 Print-Out Recording Paper. Details of the optional 
processing procedure for this paper may be found in Data Sheet PP-8A. 


+ For degrees of agitation other than continuous, the times given may need to be increased by up to 
30 per cent. 


$ Available as a ‘Kodak’ Liquid Developer. 
§ Available as a ‘Kodak’ Packed Developer Powder. 


An increase or decrease in the time of development will give, respec- 
tively, an increase or decrease in the effective emulsion speed and contrast. 
A high contrast may be undesirable when the trace to be recorded varies 
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greatly in intensity, or when a light-spot of fixed intensity varies greatly 
in its rate of movement. In such cases, better results may be obtained if 
the contrast of the image is reduced by using somewhat shorter develop- 
ment times. 


Replenishment 


If the developer is used repeatedly, it is not only reduced in volume, 
but suffers a gradual loss of activity also. This loss is caused by the 
oxidation and use of the developing agents, and by the liberation, from the 
emulsion, of soluble halides, which have a restraining effect on the 
developer. To overcome such a decline in activity when tank processing, 
a replenisher may be added to the partially exhausted developer to restore 
it both to its full volume and to its former activity. Replenishers are 
available for both DX-80 and D-19b developers. ‘Kodak’ DX-80R 
Replenisher is supplied in concentrated liquid form only. D-19bR 
Replenisher is available as a ‘Kodak’ Packed Replenisher Powder, or may 
be prepared according to the formula given in Data Sheet FY-2. 


Replenishers are formulated on the assumption of an average rate of 
chemical exhaustion and physical removal of the developer; it is desirable 
to standardize on a technique of draining developed film or paper back 
into the developer for 10 seconds before immersion in the stop bath. 


Records which consist only of a thin black line on a relatively clear 
background will chemically exhaust the developer at a slow rate, although 
there will be the normal wastage of developer “‘carried-over” by the film 
or paper. Under these circumstances, if the replenisher is used to 
maintain the volume of the developer, it will gradually increase in activity. 


It is then preferable to dilute the replenisher sufficiently to ensure that 
the developer characteristics remain constant, or even to use fresh 
developer as the replenisher. 


Arresting development 


It is desirable to stop the action of the developer as soon as development 
has proceeded far enough, and before the sensitized material is passed 
into the fixer. Such treatment ensures that development does not con- 
tinue in the fixing bath, with the possible production of stains. Since 
practically all developers depend on an alkali for their activity, it follows 
that if a developed film or paper is immersed for a short time in a suitable 
acid rinse—known as a “‘stop bath’”—development will be stopped very 
rapidly by the neutralization of the alkali in the developer remaining in 
the material and on its surfaces. 

A stop bath also greatly prolongs the efficiency of an acid fixing bath, 
since material treated in the stop bath before being fixed will no longer be 
alkaline, and the acidity of the fixing bath will accordingly be maintained 
for a longer period. The common practice of rinsing developed materials 
for at least 5 seconds in running water before fixing them is of some value 
in checking development and lengthening the life of fixing baths, but a 
stop bath is far more effective. ‘Kodak’ Liquid Stop Bath with Indicator 
is recommended. It is supplied as a concentrated liquid which, when 


3 PR-4 


diluted to working strength, is light yellow in colour. When the developer 
has neutralized the acid in the stop bath, the indicator turns mauve, 
appearing dark under safelighting; it should then be discarded, and a 
fresh stop bath made up. 


The concentrated liquid makes a non-hardening solution, and at 
temperatures of 75°F (24°C) and above, a hardening stop bath should be 
used; Kodak formula SB-4 is recommended (see Data Sheet FY-4), 
and for information on tropical processing see Data Booklet GN-5. 


Fixing, washing, and drying 


The records, after rinsing in a solution of Liquid Stop Bath with 
Indicator, or in running water, should be fixed at a temperature of 
65°-70°F (18°-21°C) in a solution of ‘Kodak’ Acid Fixing Salt with 
Hardener, ‘Kodak’ Acid Fixer Powder, or a solution made up according 
to Kodak formula F-5 (see Data Sheet FY-4). The stop bath may be 
omitted when the rapid production of records is of greater importance 
than the shortening of the life of the fixer. 


The preferred practice is to use two successive fixing baths. 


Films should be cleared of all milkiness in the first bath and drained 
back for 5 seconds. They should then be given, in the fresh second fixing 
bath, the same time as was required in the first, and drained back for 
5 seconds. Ifa single fixing bath is used the fixing time will be twice that 
needed for clearing. Any fixing bath should be discarded when it fails to 
clear the film in 10 minutes; then, when using the two-bath method, the 
first bath should be replaced with the second bath and a fresh second bath 
made up. After 5 such changes, both baths should be discarded. 


Papers should be treated similarly. They should be fixed for 3-5 
minutes at 65°-70°F (18°-21°C) in the first bath, and for a further 3-5 
minutes in the second fixing bath, draining back into each for 5 seconds. 
The first bath should be discarded when it has fixed the equivalent of 
20,000 square inches (twelve 100-foot lengths of 35mm width) of paper per 
gallon. It should be replaced with the second bath and a fresh second 
bath made. If a single fixing bath is used, up to 10,000 square inches 
(six 100-foot lengths of 35mm width) per gallon, or the equivalent, may 
be fixed, giving a time of 5-10 minutes and frequent agitation. 

For normal requirements the records should be washed in running water 
for 30 minutes at 60°-70°F (16°-21°C) in an efficient washing vessel. 
Alternatively, they may be soaked for 5 minutes in each of 6 complete 
changes of water. At lower temperatures or with less efficient washing 
equipment the times may have to be increased considerably. Washing 
times may be greatly reduced without impairing the permanence of the 
records by the use of ‘Kodak’ Hypo Clearing Agent. Where a low degree 
of permanence is acceptable, e.g., a record required immediately but once 
only, the times may be reduced; under these circumstances only a brief 
rinse may be adequate. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


Drying time, whatever technique is employed, can be reduced by ensur- 


PR-4 4 


ing adequate hardening of the emulsion during processing. The 
difference in moisture content between hardened and unhardened film 
(having had, otherwise, identical treatment) may be as high as 30 per cent, 
and this would make a similar difference in the drying times. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, 
in the dilution recommended. 

Other methods of accelerating drying include the use of water-miscible 
volatile liquids, chiefly methyl or ethyl alcohol. Further details of this and 
other drying techniques may be found in Data Sheet PR-11. Papers 
should be rinsed in undiluted industrial or surgical spirit for 1-2 minutes, 
and films soaked in a 70 per cent spirit solution for 2 minutes: this 
concentration should not be exceeded, otherwise opalescence may result. 
The records should be dried in a dust-free atmosphere. 

It is inadvisable to use accelerated drying methods on records that are 
required for accurate measurement. 


Ultra-rapid processing 


When processing must be completed in the shortest possible time, the 
use of DX-80R Replenisher (used as a developer), or ‘Kodak’ Quick- 
Finish Developer Powder, is recommended. The development times in 
the following table are given as a guide. Exact practice will depend on 
the apparatus employed and the conditions of use, but the concentrations 
of developer should not exceed those recommended; higher concen- 
trations will not reduce the development time. The times given apply 
both to films and papers (except RP.12 Print-Out Recording Paper, the 
processing of which is optional; see Data Sheet PP-8A), when continuous 
agitation is employed. For degrees of agitation other than continuous, 
the times given may need to be increased by up to 30 per cent. 


Developer Dilution Time at 68°F (20°C) 





I 60 sec 
I 30 sec 
| 


40 sec 


DX-80R 
Quick-Finish . 





The development times for recording papers may be reduced beyond 
those given in the foregoing table by increasing the temperature of the 
processing solutions (see Data Sheet PP-8). 

After development, the records should be rinsed in a solution of 
Liquid Stop Bath with Indicator, or in an acid stop bath made up 
according to Kodak formula SB-1 (see Data Sheet FY-4), for 10 seconds, 
and cleared in a solution of either ‘Kodak’ Liquid Fixer AM-33 (with or 
without ‘Kodak’ Liquid Hardener AM-33H), or ‘Kodak’ Quick-Finish 
Fixer, according to the instructions packed with these products. 


A short rinse in running water should be given before drying the 


5 PR-4 


records in a dust-free atmosphere. If the records are to be kept, they 
should subsequently be treated in accordance with the preceding section 
—‘‘Fixing, washing, and drying”’. 

35mm ‘Kodak’ Quick-Finish Panchromatic Film (see Data Sheet 
FM-54), which may be used for recording purposes, can be developed in 
6 seconds at 110°F (43°C), in Quick-Finish Developer, diluted 1-1. 
This film normally is available in 35mm width only. 


Stabilization of paper records 


When records on paper are to be used for only a few months they may 
be stabilized; this treatment is given in place of the normal fixing pro- 
cedure. However, this should be used only when the records can be 
stored under temperate conditions. In such cases, washing is unnecessary, 
but if the records are to be dried in equipment which is also used for 
drying ordinary photographic prints they should be given a 2-3 minute 
wash; this will remove chemicals that would otherwise contaminate the 
drying equipment. The following table gives recommendations for 
stabilizing solutions and times, for continuous agitation, for both rapid 
and normal stabilization. 


A fh Time at 
Stabilizer and Dilution 68°F (20°C) 90°F (32°C) 110°F (43°C) 


Rapid Stabilization 
‘Kodak’ Rapid Liquid Fixer AM-33 
(diluted! +3) . ...... 
Quick-Finish Fixer Powder (used as 
instructed on label) . ak, fas 





Normal Stabilization 
‘Duostat’ Print Stabilizer Liquid 
(diluted! +1) . 2... 2... 
‘Duostat’ Print Stabilizer Powder 
(after dissolving, use diluted | + 1) 





NOTE—The above times are given only asa guide; exact figures depend upon the procedure employed. 


Treatment for permanence 


If it is subsequently required to keep the records which have been 
stabilized or rapidly processed, they should first be re-fixed and re-washed 
according to the normal procedure. 


PROCESSING EQUIPMENT 


Various types of equipment are available for developing, fixing, and 
drying photographic materials, and the type employed is usually deter- 
mined by the amount of work to be handled. The following notes outline 
the most common forms of processing equipment. 
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Dish processing 


For lengths of film and paper up to about 2 or 3 feet, or where 
there is no objection to cutting the record up into such lengths, the simplest 
and cheapest processing equipment is a dish. The material may then be 
processed by “‘see-sawing” in the appropriate solution. To avoid 
scratches and handling marks, it is an advantage to hold the film or 
paper by means of ‘Kodak’ Junior Film Clips. 


Apron and spiral tanks 


There are numerous small spiral processing tanks for the more popular 
widths of roll and miniature film, and these can be used for strips of 
recording films up to about 5 feet in length. Tanks of the type employing 
an apron can be used for similar lengths of either film or paper. 

For lengths of 35mm or 70mm film up to 24 feet, the ‘Kodak’ 35mm 
Spiral Film-Processing Outfit Model 24 (Figure 1), or the ‘Kodak’ 70mm 
Spiral Film-Processing Outfit 
Model 24, respectively, is re- 
commended; for lengths up to 
100 feet there are the ‘Kodak’ 
35mm Spiral Film-Processing 
Outfit Model 100 and the 
‘Kodak’ 70mm Spiral Film- 
Processing Outfit Model 100. 
These items of equipment 
require to be loaded and used 
in a darkroom. They include 
a mechanical assembly for 
winding the film into the 
grooves of a spiral spool, two 
complete spiral spools, four 
circular dishes, and a lid for the 
developer dish. Development 
in spiral-spool tanks has been 
well proved but has always 
been subject to some practical 
difficulty in loading the spool, 
particularly when using the 
longer films. In these outfits 
the difficulty is overcome by 
the use of a mechanical guide 
which feeds the film automa- 
tically into the grooves, from 
the centre outwards. The spool 
may be loaded with the film 
wound on a standard ‘Tenite’ 
core, with the film in the form 
of a roll, or from a standard 
100-foot spool. Full details of 
these items of equipment are 
Figure | available on application. 





Deep tanks 


For film greater than 70mm in width and in lengths up to 15 feet, and for 
similar lengths of paper, the most suitable method of processing involves 
the use of deep tanks. Such tanks are available from Kodak Limited in 
various sizes made of materials, such as hard rubber or stoneware. For 
lengths up to 4 or 5 feet, narrow tanks as used in the ‘Kodak’ No. 15 and 
No. 17 Processing Tank Assemblies, employed in X-ray processing, are 
suitable, but for longer lengths ‘Kodak’ Vertical Tanks, normally used in 
commercial roll-film processing, may be necessary. 


Lengths up to about four times the depths of the processing solution in 
these tanks may be handled by means of Junior clips and specially bent 
rods, the arrangement of which is shown in the accompanying diagram 
(Figure 2). Only the back of 
the film or paper should touch 
the supporting rods. To apply 
this principle in practice it is 
necessary to replace the usual 
straight tank rods by suitably 
shaped rods, bent so that the 
middle length is carried several 
inches down into the tank 
below the level of the proces- 
sing solution. It is also con- 
venient to join the two upper 
rods together to form a frame, 
with the rods parallel and at a 
convenient distance apart. In 
a similar manner, the two rods 
at the base could be formed 
into a frame closed at one end 
and completed at the open end 
by a swinging arm, which could 
be secured after the loops of 
film or paper are loaded on. 
The materials from which 
such rods may be constructed 

Figure 2 should be carefully chosen 

since certain materials have 

adverse effects on photographic materials during the course of processing. 

This matter is dealt with fully in Data Sheet PR-6, ‘The Selection of 
Materials for the Construction of Photographic Processing Apparatus”’. 





Alternatively, when there is sufficient space on the rods, the loops of 
film or paper could be placed to one side of the clips. This method would 
obviate any risk of damaging the back of the material. 


Rectangular wooden frames, with projecting pins to locate the turns 
of film or paper, can easily be constructed to fit a tank of any size. The 
bottom of the frame should be weighted, however, to ensure that the 
film or paper remains completely immersed. 
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Wheel or drum processing 

In this method, the strip of film or paper is held round the circumference 
of a revolving support of waxed wood, or some inert material, designed 
to dip into a dish of processing solution. According to the dimensions 
of the strips to be processed, the support may be in the form of either 
a wheel or a drum with the strip wound in the form of a helix along its 
length. The axle of the wheel or drum may be lifted off its supporting 
frame to allow the developing dish to be replaced successively with 
rinsing, fixing, and washing dishes. If more convenient, frames may be pro- 
vided over each dish so that the wheel itself can be lifted out and moved 
on to the next position. 

This method is very economical, as the dishes need contain only suffi- 
cient solution to allow the lower surface of the wheel to be immersed. 
Also, since the agitation is continuous and the transfer from one solution 
to another can be made quickly, processing can be carried out rapidly. 


Continuous processing 

Applications which involve processing a great amount of material might 
warrant the use of a continuous-processing machine. Existing 35mm or 
70mm processing equipment can usually be employed for films. For 
papers, which are normally used in greater widths than films, a few 
processing machines—designed specially for recording papers—are 
available commercially. Where very large quantities of paper must be 
processed, and more permanent records are desired, one of the several 
continuous-processing machines designed for the processing of mass- 
produced photographic prints might be adapted. 


Washing equipment 

For efficient and speedy washing, it is essential for fixer-contaminated 
water to be removed from the film or paper, and replaced by fresh water 
as quickly as possible. A device which distributes a flow of water over 
both surfaces of the material being washed is ideal, and in about five 
minutes such apparatus will wash film or paper adequately enough for 
most purposes. If the material can be suspended in a single strip in a 
tank having an open drain at the bottom, water can be sprayed on to both 
sides through perforated pipes. Many ‘Kodak’ Processing Units are 
fitted with such a device for rapid rinsing between the developer and 
fixer. 

Spray washing is not, however, so convenient to arrange when a large 
volume of work has to be dealt with, or when the material has to be looped 
or coiled. It is then preferable for the material to remain immersed in a 
tank or container with the water running in at the bottom and over- 
flowing at the top. 

The equipment described for development and fixing may also be used 
for washing, though if a number of lengths of material are to be processed 
consecutively it will usually be more convenient to use a separate washing 
tank which will accommodate several lengths at the same time. 

Since it is most important that the water be free from particles of grit, 
the use of a water filter is recommended. 


Drying apparatus 
The method employed in drying the processed recording material will 
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depend on the type of material, and the equipment and space available. 

A convenient and speedy means of drying film when using the spiral 
spools of the Model 24 or Model 100 outfits—either 35mm or 70mm—is 
the ‘Kodak’ 35/70 Spiral Film- 
Dryer (Figure 3), or the Spiral 
Film-Dryer Model 100. This 
dries the film in 30-60 minutes 
without necessitating the re- 
moval of the film from the 
spool. 

Recording papers may be 
dried rapidly by the use of a 
glazing machine converted for 
the continuous drying of rolls 
of paper; examples of such 
machines are the ‘Kodak’ Glaz- 
ing Machine Model 15TC and 
the Rapid Glazing Machine 
Model 24, used with the 
appropriate conversion unit. 

In all other cases the film or 
paper must be dried in the 
most convenient way. A drum 
can be constructed if much 
material has to be dried in 

‘ lengths greater than about 

ngune 3 10 feet. A suitable drum is 

3 feet long by 1 foot 6 inches in diameter, made of any convenient material— 
if of wood it should preferably be slatted—and covered with a thick fluffless, 
absorbent material such as good-quality felt. Ifthe film or paper can be cut 
into lengths of not more than 10 feet, it may be hung vertically by one 
end, or halfway along its length, in a room, cupboard, or drying cabinet. 

Otherwise the only method of drying is to suspend the film or paper in 
festoons over lines stretched across the room. Care should be taken to 
place only the back of the material in contact with the line, and to space the 
festoons equally so that there is no tendency to slip. The ends should be 
secured to the lines, or weighted down; film clips are convenient for this 
purpose. The lines should be of non-metallic material, and it is important 
that the room used for drying should be well ventilated and dust-free. 

If these recommendations are carefully followed, the final dry record 
should be free from irregularities of the image, dirt, and drying deposits 
on either face of the material. In some cases, however, it is extremely 
difficult to avoid slight deposits on the surface during drying. These can 
be removed by careful wiping with a soft, clean cloth, such as an old 
well-worn handkerchief. If necessary, ‘Kodak’ Cine-Film Cleaning 
Fluid can be used sparingly. The back of recording films may be lightly 
polished, but the emulsion surface should be wiped only very lightly, 
or permanent scratches may be produced which may be worse than the 
original dirt. 





Kodak, Wratten, Duostat, Tenite, and Photo-Flo are trade marks 
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THE SELECTION OF MATERIALS FOR THE 
CONSTRUCTION OF PHOTOGRAPHIC 
PROCESSING APPARATUS 


WHEN a material is selected for the construction of any particular piece of 
photographic processing apparatus, several factors demand consideration, 
namely: 

(1) The resistance of the material to the most corrosive liquid with 
which it is likely to come in contact. For example, a galvanized tank, 
while fairly satisfactory for washing purposes, is very rapidly corroded 
by fixing solutions. 

(2) The effect of the material on the photographic properties of the 
solution. For instance, developer solution may appear unchanged after 
storage in a brass tank, but on being used it may cause severe fogging 
owing to the presence of copper salts dissolved from the brass. 

(3) The time during which the solution will be in contact with the 
material. Developer, stored in a cellulose acetate tank, will cause 
distortion after a day or two. 


(4) The cost of the material. 


(5) The adaptability of the material for construction purposes. Glass, 
for instance, is unsuitable for large tanks because of its fragility and the 
difficulty of annealing it satisfactorily. 

Great care should, therefore, be exercised when selecting materials for 
the construction of photographic processing equipment. 


METALS AND ALLOYS 


Lead, nickel and the stainless steels are the only readily available 
materials which appear to be of special importance for use with photo- 
graphic solutions without special protection, although iron is of value for 
some purposes. Lead, nickel and wrought-iron tanks or piping can be 
used satisfactorily for most developing solutions, although lead is attacked 
by strongly alkaline developers. Iron is attacked to various degrees by 
the majority of developers in the presence of air, and tends to form oxides 
and hydroxides. Lead or nickel-lined tanks are slowly attacked by fixing 
solutions and must eventually be replaced. Silver withstands continuous 
contact with developers and has been used as a clad material on steel. 
Tantalum, while too expensive for anything but small special apparatus, 
is unique in that it appears to be unaffected by almost all photographic 
solutions. 

Of the many known alloys, ‘Monel’, ‘Inconel’, the austenitic stainless 
steels and the relatively non-pitting varieties containing molybdenum are 
the only ones which have been used to any great extent for photographic 
purposes. 

‘Inconel’, a chromium-iron-nickel alloy, is superior to ‘Monel’ for the 
construction of open fixing tanks, especially where the acidity of the fixing 
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bath is maintained during use, as it is neither so susceptible to general or 
air-line corrosion nor does it plate out silver from exhausted fixing baths 
and become attacked as does ‘Monel’. When used for closed vessels, 
‘Inconel’ is attacked and pitted by the vapour from acid fixing baths, as 
are the non-molybdenum stainless steels. In this respect, the molyb- 
denum stainless steels are more resistant than ‘Inconel’; Firth’s FMB steel 
is particularly suitable. 

Most stainless steels with low carbon contents (not more than 0°08 per 
cent.) are resistant to developers and are also sufficiently resistant to acid 
fixing solutions to be usable provided that the vessels are entirely filled 
with solution, are without a cover or are used only intermittently and 
thoroughly washed and cleaned at regular intervals. 


Plated metals 


For small developing tanks which are to be used intermittently, nickel- 
plated brass is satisfactory if the plating is homogeneous. Metals plated 
with silver are more or less resistant to developing solutions, depending 
upon the homogeneity of the silver coating, but their resistance to fixing 
baths is only slightly greater than that of the unplated metals. Cadmium- 
plated metals are not satisfactory. Chromium-plated metals would 
probably be satisfactory if it were possible to obtain a continuous non- 
porous coating over the base metal, but such coatings are not at present 
available. Lead-coated iron can be used for developing and washing 
tanks but it is not very satisfactory. Galvanized iron can be used for 
washing tanks with some measure of success, but must not be used for 
fixing baths nor for developers containing sodium bisulphite (this chemical 
attacks the zinc with the formation of sodium hydrosulphite, a fogging 
agent). When using such tanks for washing there is a danger of corrosion 
by hypo solution carried over from the fixing bath. 

Plated metals should not be used where the plating may be scratched, 
as, for example, in apparatus for processing glass plates. When two 
different metals are placed in contact and immersed in a solution, an 
electrolytic cell is formed which causes more or less rapid disintegration 
of one of the metals (see page 8). This electrolytic action occurs with 
plated metals as soon as some of the plating wears off, exposing the other 
metal underneath, and is apt to occur when the thickness of the protective 
layer is less than about 0:002 inch. 


Coated metals 


Enamelled steel has proved fairly satisfactory for small trays and tanks, 
although the steel corrodes very rapidly when laid bare by the chipping 
away of the relatively brittle vitreous enamel. Hard, smooth enamel coat- 
ings are resistant to the weak acids used in photographic practice, but the 
surface becomes etched by developers and other alkaline solutions, making 
them difficult to clean. Dye solutions permanently discolour such 
roughened enamel surfaces. 

Equipment having very satisfactory resistance to all photographic solu- 
tions except strongly alkaline developers, has been produced by fusing 
resistive silicate enamels on to substantial steel frames at temperatures of 
about 1800° F. (980° C.). It is claimed that weight and bulk are less, and 
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heat conductivity greater than with cast metals or earthenware; the fused 
glass enamel is more resistant to breakage than ordinary enamel, but repairs 
are difficult. 

A satisfactory lacquer consists of asphalt paint or a mixture of asphalt 
paint with rubber cement, the latter tending to overcome the slight 
brittleness of the asphalt coating; when freshly applied this lacquer may 
produce a scum on the developer. A thicker protective coating may be 
obtained by using a hard asphalt; this material must be melted and applied 
hot for the best results. Metal tanks lined with such asphalt lacquers are 
very satisfactory for general processing work. 

Halogenated rubber paints and certain other rubber paints are fairly 
resistant to the action of developers and fixing baths. Certain ‘Bakelite’ 
lacquers may also be used satisfactorily. 

As a general rule, paints and lacquers should only be used when they 
are to receive intermittent exposure to solutions, as it is very difficult to 
devise a paint or lacquer which is completely impervious to liquid. 

It is important to protect the exterior as well as the interior surfaces of 
tanks to prevent corrosion of the base metal; in this connection the 
possibility of the exterior being subjected to abrasion and pressure, with 
consquent damage to the protective coating, should be considered. 


Laminated metals 


Several types of laminated or clad metals are of use for the construction 
of photographic processing equipment. In selecting these metals, the 
suitability of the cladding material for photographic work and the thickness 
of the cladding should be considered. 

The iron or steel exterior of laminated metal equipment should be 
protected from corrosion by the use of protective lacquers or paints. This 
protection is not needed if the material is clad on both sides. 


NON-METALLIC MATERIALS 

There are a great number of satisfactory non-metallic materials; it is not 
possible to deal with all of them in the space of this Data Sheet, but the 
testing methods described on page 6 can be employed to determine their 
suitability. 


Cement and concrete 

Reinforced concrete faced with cement has been found satisfactory for 
the construction of large developing or washing tanks. Steel reinforce- 
ment is necessary for all sizes of tanks, and the surface should preferably 
be treated with several coats of asphaltic paint or with hard asphalt. The 
upper edges of such tanks should be protected with cypress or other hard 
wood to prevent chipping. 


Glass 

Well annealed glass apparatus, free from ribs, is satisfactory for the 
construction of small trays and tanks. Although it is one of the most 
resistant materials available, it is not suitable for large tanks owing to its 
fragility. 
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Impregnated fibrous materials 


Small fibre trays carefully impregnated with a wax of high melting point 
are satisfactory for intermittent use. Trays or tanks prepared from 
varnish or lacquer-impregnated fibrous materials develop cracks in use, 
through which the processing solutions obtain access to the under-layers, 
and eventually disintegrate them through crystallization. 


Wood 


Wooden equipment is fairly satisfactory for developing, fixing and 
washing purposes and has the advantage of ease of manufacture. When 
not in use, however, it must be kept full of water or warping and rotting 
will occur. Unless strongly braced, wooden tanks have a tendency to 
warp out of shape; and hypo, if allowed to crystallize on the sides, pene- 
trates the wood in time, causing it to splinter or crack. In some localities 
the insides of washing tanks become coated with a layer of slime, which 
necessitates frequent cleaning; this slime formation is not a peculiarity of 
wooden tanks, but the action of fungus or bacteria may be more destructive 
to wood than to other materials. The most satisfactory woods are cypress, 
spruce, redwood, maple and teak. 

Very satisfactory shallow wooden trays can be prepared by the use of a 
thin waterproof lining of Wigan cloth. This is not satisfactory for deep 
tanks, however, as they cannot be lined without making joins in the cloth. 


Paraffin-impregnated wood 


Wood that has been impregnated with paraffin wax is much more 
satisfactory than ordinary wood and does not tend to accumulate slimy 
layers as rapidly. The best results are obtained with cypress and spruce, 
by soaking them in water for 12 hours and then immersing them for 
2 hours in molten paraffin wax at 250° F. (120° C.). Watertight joints in 
paraffined wood are best made with a small strip of untreated wood tightly 
inserted in grooves in the pieces of wood to be joined; in water, the un- 
treated strip swells and caulks the seam. 


Plastic-bonded plywood 


Resin or plastic-bonded plywood is a satisfactory material for the con- 
struction of intermediate and small-scale tanks and trays; such equip- 
ment should be joined carefully and treated inside and out with a suitable 
protective paint or lacquer, such as ‘Phenoglaze’, to decrease water absorp- 
tion. Bonded plywood with a metal facing is also satisfactory. 


Porcelain and glazed earthenware 


Glazed biscuit ware, tile material and porcelain are not very satisfactory, 
as the glaze invariably cracks, permitting processing solutions to penetrate 
the surface and crystallize. 

Tanks of high-grade chemical stoneware, glazed on both sides, are 
recommended for storing ordinary developing and fixing solutions, but 
should not be used with strong alkalis. 


Rubber, synthetic rubber and asphaltum materials 
Pure hard rubber, free from sulphur impurities, withstands practically 
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all photographic solutions at normal temperatures. 

Hard rubber thermoplastics are satisfactory for the construction of small 
trays and tanks. Hard rubber piping is extremely light and can be 
threaded easily, although it is rather brittle; iron pipe, lined with hard 
rubber, is more durable. Hard rubber sheet or fabric-backed rubber 
sheet can be used for bench tops where photographic chemicals are to be 
handled. 

Some so-called hard rubber tanks are made with an asphalt mixture or 
an excess of mineral filler. Such tanks are somewhat brittle and warp 
under heat; when used with salt solutions they disintegrate in the same 
way as porous earthenware. 

Tanks can be constructed economically from steel sheet on to which 
soft black rubber sheet of thickness about } in. has been cemented. 
Certain soft rubbers produce a flocculent precipitate on prolonged im- 
mersion in developer, and should not be used. 

Some synthetic rubbers appear to be superior to natural rubbers in 
resistance to oxidation, oxidizing solutions, strongly corrosive acid and 
alkaline solutions and sulphur dioxide. In sheet form they make satis- 
factory linings to trays, tanks and troughs. 

Cheap rubbers and certain synthetic rubbers made by the use of poly- 
sulphides may contain free sulphur, and should not be employed in photo- 
graphic work; free sulphur will react with developers to form reaction 
products which cause chemical fog in development. 

Corrosion-resistant carbon and graphite compounds have many possible 
applications. Like hard rubber, these materials are brittle, but many of 
them can be threaded with standard pipe tools. 

Hard oxygenated asphalt forms a satisfactory protective coating for use 
with all kinds of photographic solutions. This material tends to become 
tacky in hot weather and the edges of large tanks should be provided with 
wooden supports for metal rods carrying film hangers. 


Thermoplastics 


A wide range of synthetic thermoplastic materials is now available: 
those of the acrylate and cellulose types are resistant to almost every photo- 
graphic solution and can be easily worked; the acrylate types (such as 
‘Perspex’) are most resistant. Such products are useful for the con- 
struction of small trays, tanks and film hangers. 

‘Alkathene’ is very suitable and may be used in sheet form as a lining 
for large tanks or may be used to fabricate smaller vessels. It may also 
be sprayed on to steels and light alloys to form a resistant coating. 

Nitrocellulose lacquers are satisfactory as a protective coat for wooden 
articles; equipment constructed from nitrocellulose sheeting is chemically 
satisfactory but is extremely inflammable. 

Polystyrene is satisfactorily resistant to all normal photographic process- 
ing solutions. 


Slate 


This material is suitable for constructing large tanks, though it is not 
usually satisfactory for fixing tanks, as it often splits owing to crystalliza- 
tion. Its resistance is much increased by impregnation with paraffin wax. 
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A METHOD OF TESTING SAMPLES 


No known material is fully resistant to all photographic solutions but a 
great many are sufficiently resistant to the majority of solutions to be 
satisfactory in use. It is not possible to discuss fully the relevant pro- 
perties of all of these, although general and practical recommendations 
for their selection have been given above, and a description of the following 
method of testing may therefore be of interest. “The method, which takes 
the form of an accelerated corrosion test on a small sample, invariably gives 
valuable information regarding both the relative resistivity of the sample 
to the action of the photographic solution and any detrimental action of 
the sample on the solution; absolute data can be obtained only by practical 
tests over a long period but the results of accelerated tests have been 
invariably confirmed by practical use. 


Preparation of the sample 


A representative piece of the material about 1 in. wide by 3to 5 in. in 
length should be cut, and de-greased by immersion in benzene (benzol) 
for 1 minute, followed by drying with a clean cloth. The de-greasing 
should be omitted in the case of a material which might absorb the 
benzene, i.e. wood or stoneware. The specimen strip should then be 
half-immersed in a definite volume of a particular photographic solution 
contained in a clear wide-mouthed bottle (4 to 16 oz., depending upon the 
sample length), so that each square inch of total area of the material will 
have between 1 and 3 oz. of solution for contact. The bottle may be 
stoppered or not, depending on the information required. When the 
bottle is closed the severity of the test is increased because of the more 
concentrated vapour phase, and such tests have proved valuable in studying 
the action of acid fixing baths on various stainless steels and similar 
materials. However, in studies of the fogging properties of metals and 
alloys on developers, it has been found that bottles should be left open in 
order to secure the maximum effects with certain materials. 


Storage and testing 


Duplicate samples should, if possible, be prepared and stored at 65° to 
70° F. (18° to 21° C.) and at 110° F. (43° C.) for periods up to one month, 
or more. At intervals of 24 hours, 2 days, 4 days, 1 week and so on the 
photographic properties of each solution should be compared with those 
of an equal volume of the solution stored under the same conditions in an 
identical container, but without the material under test. In the case of a 
developer, this can best be done by developing two pieces of identically 
exposed film for the recommended time, one in the test solution, the other 
in the control solution. The negatives can then be compared visually for 
fog, contrast, speed and so on. 

Observations should be made throughout the period of the test on the 
appearance of the samples and, for developers, fogging tendency should 
be determined at 65° to 70° F. (18° to 21° C.) by developing an unexposed 
film for the normal time. If necessary, water should be added and mixed 
with the solution at frequent intervals to replace that lost by evaporation. 
When adding water or when removing or replacing the solution for tests, 
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the test material should be removed. When only resistivity is being 
studied, a fresh lot of the solution may be used periodically to replace the 
original volume. 

The condition of the material should be noted where it is exposed only 
to vapour, as well as where it is in contact with the solution; an area of 
particular importance is that in the vicinity of the air line of the solution. 


PRACTICAL SUGGESTIONS 
Clips, film hangers and other small apparatus 


‘Inconel’ and stainless steels of low carbon content are satisfactory for 
intermittent use but the molybdenum stainless steels are more corrosion- 
resistant for general use. Nickel and ‘Monel’ metal tend to plate-out 
silver from used fixing baths but are otherwise satisfactory. Cellulose 
materials, although breakable, may also be used. 


Trays, dishes and small tanks 


Glass, enamelled steel, hard rubber, synthetic resins, teak or spruce 
impregnated with paraffin wax, wood coated with hard oxygenated asphalt, 
glazed porcelain or stoneware are all satisfactory. Stainless-steel tanks 
and dishes are suitable for intermittent use provided that they are cleaned 
regularly. 


Deep tanks 


Well glazed chemical stoneware, cypress wood, and stainless steel are 
the best materials for developing, rinsing and fixing tanks. Stainless steel 
fixing tanks should be left uncovered: otherwise vapours liberated by acid 
fixing solutions may condense and exert a corrosive action on upper parts 
of the tank. Firth’s FMB steel is highly recommended. Metal tanks 
should be supported so that they are clear of any surface where impurities 
might collect. 


Covers for tanks 


Floating covers give the maximum protection against oxidation; cypress 
wood, resin-bonded plywood, hard rubber or sheet celluloid in the form 
of a shallow tray or boat are all satisfactory. For very large tanks, stainless 
steel or lacquered pinewood may be used, although covers of the latter 
material tend to warp after some months. 


Tubes, sprockets and idlers for continuous processing machines 


Hard rubber, stainless steel and ‘Pyrex’ have been found of use for 
tubing to carry developers and fixing baths. Lead piping can be used but 
tends to become obstructed owing to silver plating-out from fixing baths 
unless it is frequently scraped clean. Metal tubing should not be joined 
with solders containing tin. Idlers and rollers are best made from ebonite 
rod or from ‘Bakelite’, either by moulding, or, with the fabric-reinforced 
type, by turning; sprockets should be made in the same way with the 
addition of stainless steel rings bearing the teeth. Plastic-impregnated 
board or fabric, such as ‘Tufnol’, is particularly useful. 
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Piping, pumps and taps 

For developing solutions, stainless-steel, iron or hard-rubber piping 
pumps and taps are recommended; for fixing solutions, stainless steel or 
hard rubber is recommended. While tin or tin-lined piping should be 
avoided for use with developers and fixing solutions, block tin piping 
soldered with pure tin solder is very satisfactory for conveying distilled 
water; pure aluminium or ‘Inconel’ can also be used for this purpose. 


Special precautions to be taken in the selection of materials 


(1) Do not permit tin, copper, or alloys containing these metals to come 
in contact with developing solutions, as both these metals will engender 
serious chemical fog; this also applies to the zinc layer on galvanized iron. 

(2) Aluminium, zinc or galvanized iron should not be allowed to come 
into contact with either developer or fixing bath, as they react to form 
precipitates that will leave a deposit on the film and may stain the gelatin. 
Galvanized-iron or zinc washing tanks in continuous use will corrode 
rapidly owing to the action of silver salts carried over from the fixing bath. 

(3) Metal apparatus should, whenever possible, be made from a single 
metal, and should be electro-welded or soldered from the outside to avoid 
electrolytic corrosion. On no account should two adjacent metal parts 
be simultaneously in contact with any solution, as an electrolytic cell will 
be formed which will lead to very rapid corrosion. If it is essential to use 
two metals, they must be completely insulated electrically. 

(5) For most oxidizing solutions and for acid or neutral solutions con- 
taining chlorides, bromides, iodides, thiocyanates, ferricyanides, iron or 
mercuric compounds, metals should not be used unless tests prove them 
to be specifically resistant. 

(6) For fixing baths or strong saline solutions, porous material should 
not be used, as crystallization within the pores of the material causes 
disintegration. 

(7) Very few lacquers are resistant to strongly alkaline developers or 
fixing baths of high acid concentration. 

(8) Avoid the use with developers of cheap rubber or other materials 
containing free sulphur, metallic sulphides or polysulphides, as the alkaline 
sulphides formed cause chemical fog. 
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DARKROOM DESIGN 


THE size, arrangement and equipment of a darkroom will depend primarily 
on the use to which it is to be put, the number of operators working in it 
at any one time, the total floor space available, and the location in relation 
to other rooms. Precise guidance must depend upon the particular 
circumstances and in these notes, therefore, it is possible only to lay 
down general principles. Any accommodation, however, which is 
deemed suitable for regular photographic work, should fulfil the following 
minimum requirements :— 


| Each room must be rendered completely lighi-proof with no trace 
of stray light coming in under doors, through window crevices or through 
light-locks. It should be located well away from any apparatus emitting 
X-rays or other actinic radiations, or should be properly screened there- 
from. 


2 Each room must be provided with ventilation sufficient to maintain 
healthy and comfortable working conditions by providing adequate 
changes of air during use. 


3 Drainage, running water (preferably hot as well as cold) and means 
of heating must be provided in rooms used for processing. 


4 For the sake of equipment and sensitive material it is essential that 
darkrooms be dry, and the design should take into account the necessity 
for easy and frequent cleaning. It is inadvisable to locate darkrooms 
alongside an outside south wall which may be exposed to considerable 
sunshine. They should also be situated away from fumes such as those 
emitted from chemical laboratories, coke ovens, etc. 


5 Sufficient white illumination should be available to allow an intensity 
of 12 to 15 foot-candles on work benches and sinks. Lights should be 
high and diffused so as to prevent the throwing of shadows on to the 
working areas of benches, sinks and tanks. 


6 As far as possible, equipment should be arranged to allow work to 
proceed in the most efficient manner. Easy access to all plumbing and 
pipework will ensure that blockages, leaks, etc., can be attended to without 
dismantling or moving fixed equipment. 


7 Access to each darkroom should be possible without having to pass 
through adjacent rooms used for unrelated work and without having to 
interrupt work by the opening of doors and the admitting of light. 


8 Where continuous routine work is carried out, at least two rooms 
should be available. 
9 No rooms should be smaller than 8 ft by 6 ft with a height of 
8 ft 6 in. 

In each case it is also necessary to comply with local bye-laws, safety 


regulations, and the 1945 Water Act, and planning permission must be 
obtained from the Local Planning Authority. 
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Floor construction 


Floors should be smooth but not slippery, and, particularly in processing 
rooms above ground-floor level, precautions must be taken to cnsure that 
they are watertight. A drain to facilitate flushing and thus prevent the 
raising of chemical and other dust will be found very useful. Asphalt 
can be used very successfully; it can be obtained in a variety of colours and 
is a very satisfactory surface; benches, large tanks, sinks, etc., tend to 
indent it, however, and the supports of such heavy articles should be 
based on tiles or concrete piles brought up from the sub-structure to 
the floor level. 

Where the floor meets the walls it is recommended that the asphalt or 
other floor covering be brought up the wall in the form of a skirting to a 
height of at least 6 in. and with rounded corners. (In some cases it can 
usefully be extended, even up to three or four feet from the floor.) This 
“coved” floor forms a shallow tray, thereby preventing any seepage of 
moisture between the joins formed by the walls and floor, and makes it 
easier to keep the floor clean. The same principle may usefully be applied 
to the junction of the floor with the base of any heavy fixed equipment. It is 
usually desirable to lay between the floor and the top waterproof layer an 
open-mesh cotton fabric soaked in pitch which acts as a secondary water- 
proof layer. Paper treated similarly is not recommended as over a period 
of time it tends to crack. If the floor is made of concrete it should be 
reinforced and cast in one piece. 

Floors of rooms in which water is not used may be made of any usual 
flooring material but if the surface is very hard, a covering of linoleum is 
desirable for the sake of comfort, appearance, and cleanliness. 


Walls 


Darkroom walls should have a hard smooth finish of a light colour. 
Rough surfaces must be avoided as they tend to accumulate dust and are 
difficult to clean. A satisfactory finish is given by cream enamel or oil- 
bound paint. Light-coloured tiles may be used but the wall covering 
should stop short not less than 6 in. above floor level to avoid tile breakages. 
The floor covering can be brought up to these tiles, as mentioned above. 
This lower area should in any case be finished in a dark colour so that foot- 
marks will be less obvious. Thorough protection of the lower parts of the 
walls and floor is particularly important in rooms used for large scale 
processing, or as chemical stores or mixing rooms, because of the possible 
risk of damage to the fabric of the building by penetration of chemicals. 
For example, heavy contamination of unprotected brickwork or concrete 
by hypo will cause gradual disintegration which, once started, is extremely 
difficult to check. 


Ceilings 

Ceilings should be finished in matt-white enamel, or oil-bound or 
emulsion paint. Preferably they should not be lower than 8 ft 6 in. 
Plaster is not recommended owing to the danger of flakes falling on 
to the work below. To assist in obtaining even reflected illumination, 
avoid covering the ceiling with a multiplicity of pipes, air-ducting 
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or cables. In the case of darkrooms where there is only one source 
of white light, this should be arranged to hang in the centre very near 
the ceiling, to shorten the shadows which are thrown. 


Light-locked entries 


It should preferably be possible to enter or leave the darkroom without 
admitting light. This is best arranged, if sufficient room can be spared, 
by the provision of a labyrinth, the walls of which should be finished with 
matt-black oil-bound paint. A white line about 2 in. wide should be 
painted round the inside of the labyrinth at eye level to assist entry and 
exit. Entrances to light-locks should face no source of bright illumination 
or, if this cannot be avoided, baffle screens should be erected facing them. 
To save space, double-door traps or double curtains are sometimes used 
or, if space is extremely limited, simply a curtain over the door; this is not 
to be recommended if there is sufficient space to fit a more efficient light- 
lock. Ifthe light-lock of the darkroom is formed by curtains, these should 
be hung to open in the centre and any doors which may be used must be 
arranged to open away from them. The curtains should be hung from a 
point about 2 ft above the top of the doorway to allow easy separation: 
they should be made of a thick limp material and should be well weighted 
at the bottom. The fact that curtains harbour dust should be borne in mind. 


If darkrooms are to be located above the ground floor and more than 
10 persons are likely to work therein, there should be two exits. One 
should be fitted with a panic bolt, so that it may readily be opened in an 
emergency by the weight of a person pressing against it, unless it is normally 
used as an alternative entrance. 


If bulky equipment is installed, detachable panels in the walls should be 
provided so that this equipment can be moved without difficulty in and 
out of the room. 

Small light-trapped hatches are often useful for passing exposed plates 
and other material into the darkroom. Typical examples are shown in 
Figures 1, 2, and 3, but details of other types are available on request. 


Ventilation 

At least 400 cubic feet of air should be allowed for each person using 
a darkroom. A non-mechanical ventilation unit made specially for small 
darkrooms is the Colt Darkroom Ventilator. A pair of these, one at the 
top and the other at the bottom of a wall, shutter or window etc., will 
ventilate adequately a darkroom of 1000 cubic feet and the device is quite 
light-proof. Enquiries should be directed to Colt Ventilation Limited, 
Surbiton, Surrey. Another method for small rooms used for printing is to 
construct the walls of the darkroom to within 6 in. of the general ceiling 
level and provide two baffles painted black inside, at about 6 in. from the 
wall, hanging down from the ceiling to a depth of about 18 in. both 
inside and outside the room. See Figure 4(a), (b) and (c). Otherwise a 
fan should be used, mounted high up, to exhaust the stale air from the 
darkroom. For a small darkroom, apparatus should be installed which 
will provide 8 to 10 air changes per hour. 


3 PR-7 








ROD ALLOWED 
TO ROTATE THROUGH 90°— 











if 1 
I ' 
I 1 

t 


UPWARD SLIDING 
DOORS 











Figure 2. Plan of double-cylinder hatch Figure 3. Cross-section of double-door 
with internal cylinder rotating onavertical hatch with upward-sliding doors. 
axis. 


PR-7 4 


Wall fans may sometimes require to be fitted with baffles, as otherwise 
there is a risk of draughts, which cause uncomfortable working conditions 
and, in some cases, fluctuations in the temperature of processing solutions. 
Small multiple fans may be used to provide an even air distribution 
throughout the room. An alternative method is to place a radiator as a 
baffle in front of the air intake so that the incoming air can be heated up 
to the requisite temperature as it passes. 

All vent pipes and ventilators should be matt-black inside to ensure that 
they act as efficient light-traps. 


Lighting 

The darkroom should be as well “‘ safelighted ” as is consistent with the 
safety of the sensitive materials being handled. This is accomplished by 
general illumination with indirect lighting reflected from the ceiling or, in 
the case of a broken ceiling or one which cannot be made to reflect well, 
from a ceiling reflector. Direct light on those parts of the room where 
the work is chiefly concentrated is normally employed in addition. 

If two sets of safelighting are used, e.g., one group for negative develop- 
ment and the other for printing, it is recommended that the switches for 
the brighter safelighting should be built into a wall-box with a flap cover 
so as to prevent accidental switching on; the white lights of the room 
should also be boxed-in separately. Another safety device for these light 
switches is to locate them above the normal level for light switches by say 
18in. Swnches for direct safelighting can alternatively be placed under 
the edge of the bench near the safelight lamps concerned. If possible, 
foot switches should be provided for enlargers and also for an inspection 
lamp over the sink. A horizontal viewing panel of opal glass let into one 
of the “dry ” benches, flush with its top surface, will be found very 
convenient for examination of negatives. Ordinary white lighting should 
be plentiful and preferably well diffused. For further information on 
safelighting see Data Sheet RF-2. 


Drainage 

Exhausted developing and fixing baths can usually be passed into the 
normal drain system, provided they are well diluted. Where necessary, the 
solutions can be treated before being discharged into the normal system 
or, where no system exists, they can be taken into a “‘ soak-away ”’ pit if 
the sub-soil is porous. Such a pit should be some distance from the 
darkroom and should normally be wide enough to allow the level of the 
waste solution to be kept a few feet below the top soil, 10 to 20 ft deep 
and filled with porous material such as clinker. 

Where possible, sinks and tanks should have individual connections to 
the main drain, each fitted with atrap. This will minimise complications 
caused by the blockage of any one outlet. 

Earthenware pipes with the joints set in bitumastic or acid-proof 
cement may be used for the larger drains and lead pipes for smaller con- 
nections; steam-quality screwed iron piping may be used, and plastic 
materials such as Alkathene and Vulcathene are suitable. A detachable 
strainer, preferably of stainless steel, should be fitted over all outlets. 
Plugs may well be fitted to give access where the pipes turn through an 
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Figure 4 (a) (b) (c). Cross sections of various means of natural ventilation. (b) and 
(c) are suitable for use close to the floor. 


angle, to facilitate the removal of blockages caused by gelatinous materials 
and paper. 

Open, white, glazed gullies with an easily removed cover plate or 
grating are a useful alternative to ordinary drains as they allow easy access 
for cleaning. 

Copper should not be used for waste pipes. 


Temperature control 


The maintenance of uniform temperature within the recommended 
range is important in photographic work and is essential where any form 
of photometric work is to be undertaken or where certain colour processes 
are to be carried through. Where possible, developing and fixing should 
be undertaken at a temperature between 18° and 24°C (65° and 75°F). The 
dishes or tanks may ideally be maintained at constant temperature thermo- 
statically and preferably the room temperature should also be at about the 
same level. Where this is not possible, immersion heaters or water jackets 
should be used for bringing the solutions up to the correct temperature. 

It is obviously desirable to have means of heating in the room or prefer- 
ably full air-conditioning where the installation and running costs of this 
can be justified. Steam or electrically-heated air intakes, or steam or hot 
water radiators may be used but gas or electric fires are highly undesirable. 
Hot water supplies should be available on tap. 

While ordinary thermometers are useful, large tanks may be fitted with 
a dial type which is easy to read in subdued light; this has a bulb at the 
end of a flexible tube which is permanently installed in the processing 
tank. 


Benches 

The melamine plastic materials, Formica, Warite, etc., are recom- 
mended as coverings for both “wet” and “dry” benches. 

It will be found convenient to use all the benches adjacent to the sink 
as ‘“‘wet”’ benches; other benches may then be used exclusively for “‘dry”’ 
work such as loading and unloading dark-slides, printing, enlarging, etc. 
Where the scale of the installation allows, it is of course even better to 
group “wet” and “‘dry” work in separate rooms. For the sake of conveni- 
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ence and extra comfort in working, toe recesses should be allowed at the 
foot of all working benches not open underneath. For the average 
operator, a bench height of 3 ft is convenient but 2 ft 6 in. is preferable for 
retouching, finishing, clerical work and other operations carried out while 
seated. 


Storage accommodation 


The wall area above the benches can readily be utilised by the provision 
of shelves for small equipment in frequent use. Cupboards (equipped 
with sliding doors if space is limited) can be fitted below the benches and 
between them at one end of the room. The cupboard base should be well 
sealed to the floor or, alternatively, enough clearance should be provided 
to allow that part of the floor to be easily swept and mopped. The cup- 
boards under the ‘‘wet” benches should be arranged for the storage of 
bottles and solutions frequently used, and for small developing tanks, etc. 
One of the shelves under the sink might well be fitted with compartments 
to accommodate developing dishes of various sizes standing on their edges. 
Space betow the sink can be used for the storage of the larger stock bottles 
of developing and other solutions, but they should stand on a duckboard 
to reduce the risk of fracture by careless handling. Racks containing 
holes or clips should be set in the walls above both “wet” and “dry” 
benches and over the sink to take plate and film hangers. These will be 
found of value where many plates or films are to be developed at once, 
without the use of racks. The ‘Kodak’ Film Hanger Wall Brackets are a 
most convenient form of wall fixture for the storing of film hangers; they 
should be mounted on a wooden batten. 

When considerable work is to be carried out, and where room permits, 
separate waste receptacles should be provided for film, glass and paper. 
If these are to be fixed, they should be hinged at the bottom to allow of 
easy clearance. 


Sinks and tanks 

Sinks with a depth of 6 to 9 in. are recommended and should be placed 
in a position rather higher than normal, as a low sink causes backache. If 
the floor of the sink is used in effect as a “wet” working bench it should 
not be less than 30 in. above floor level. The hot and cold water taps 
above the sink ought to be placed high enough to enable a standard 
2-gallon bucket or a Winchester bottle to be filled: i.e., at least 15 in. 
Taps should preferably have a non-corroding finish and should be 
fitted with anti-splash devices. A rubber hose which can be connected 
to the cold water tap is often a very useful accessory as it can be used for 
washing out tanks and for flushing down the floor. When water supplies 
are liable to carry suspended matter, it is useful to fit a water filter. 

Sinks can suitably be made of teak, porcelain, chemical stoneware, or 
steel such as Firth-Vickers Stainless F.D.P. or F.M.B. Teak sinks can 
preferably be coated with P.V.C. sheet or lined with lead. All seams on 
the latter must be burned-in and not soldered, and lead of not less than 
5 lb weight should be used. Duck-boards should stand in all sinks to 
prevent breakages of dishes and glassware. 
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Draining boards should be fitted adjacent to sinks and can be made of 
teak, stainless steel, Formica or Warite, etc. 

Kodak Limited supply processing dishes and tanks in a range of sizes; 
further information on the construction of photographic processing 
apparatus may be found in Data Sheet PR-6. 


Safety 


In order to avoid hazard to operators in darkrooms, all portable fittings 
should be provided with 3-pin plugs and the whole electrical installation 
efficiently earthed. In large darkrooms where more than 10 persons are 
employed, the exit should be indicated by illuminated signs; this is useful 
even for smaller darkrooms. Wherever possible, the main construction 
of a darkroom should be as far as possible of non-combustible material. 
To lessen the risk of fire, receptacles for all waste materials should be 
emptied regularly every day. 


Information relevant to the establishing of, or alteration to, a darkroom 
is contained in this sheet, but further advice may be obtained from the 
Technical Advisory Department, Kodak Limited, Wealdstone, Harrow, 
Middlesex. Advice on medical darkrooms is available from the Medical 
Sales Division, Kodak Limited, Kingsway, London, W.C.2. 

Much fuller information on all aspects of darkroom design, including 
typical layouts, is contained in the free booklet ‘“‘Professional Darkroom 
Design’’, available on application from Kodak Limited. 


Kodak is a trade mark 
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DERMATITIS FROM PHOTOGRAPHIC CHEMICALS 


Medical aspects by the Chief Medical Officer of Kodak Limited 


It is well known that the skin can become irritated and inflamed by 
contamination with chemicals such as detergents, solvents, and dyes. 
Photographic chemicals are no exception and, from whatsoever supplier 
they are obtained, must be used with care and common sense if it is 
desired to avoid the risk of inflammation. 

Kodak Limited wishes to afford its customers the best possible guidance 
in the use of photographic chemicals so that skin trouble may be prevented. 

Two forms of skin irritation can arise from contact with photographic 
chemicals. The first results from the high alkalinity of certain developing 
solutions, particularly those used in colour photography, and is caused by 
that alkalinity affecting the keratin, or horny layer of the skin, so that it 
no longer protects the more delicate tissues underneath. The second 
form of dermatitis results from the development of allergic sensitivity to 
a chemical because of repeated contact with it over a period of time or 
because of an in-born allergy. An example of sensitivity is the so-called 
“‘metol-poisoning”’ (see page 3 for metol-free developers). 


PREVENTION 

Prevention is always better than cure, and the cardinal principle in the 
prevention of dermatitis is to ensure that the skin does not become con- 
taminated by chemical powders or solutions. To achieve this the follow- 
ing precautions are strongly recommended :— 


| Whenever possible, sensitized materials should be processed by 
methods which do not require the hands to be wetted by any processing 
solution. The following chart summarizes these methods according to 
the form of sensitized material. Care should be taken especially to avoid 
splashing or dripping the solutions on to the skin or anywhere in the 
darkroom. 


FILM PAPER 
METHOD |__| PLATE 
Roll | Sheet | Roll Sheet 

Mechanized processing machine . x x 
Spiral or apron tank . x 
Spool re-wind tank . x 
Processing rack or basket Xx x 
Processing frame or drum x 
Clip-type hanger . x 

x 


Channel-type hanger 





2 Single sheets of film or paper being processed in dishes should be 
manipulated with tongs or paddles. 
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3 When sensitized materials are being processed by other methods, the 
use of rubber or other water-proof gloves is strongly recommended. 
These must be long enough to prevent solutions from seeping over the 
cuffs, and the gloves must always be kept in perfect condition. Should 
even the smallest hole appear in a glove it must be discarded. The reason 
for this is that the solutions would leak through the hole and remain in 
contact with the skin longer than would be the case if no gloves were used, 
and would even be massaged into the skin by the movement of the glove. 
At the end of a day’s use, the gloves should be washed thoroughly, both 
inside and out, using running water. They should be dried carefully 
with a clean towel, and then powdered with some inert substance such as 
French chalk. This care of the gloves will prolong their life and militate 
against the development of dermatitis. It should be noted that some 
people are allergic to rubber and, in such cases, gloves made of plastics 
may be used. Some workers favour the use of an appropriate barrier 
cream beneath the gloves as a second line of defence. 


4 It is always desirable to keep the skin of the hands in as healthy and 
resistant a condition as possible, especially in winter when the hands are 
likely to become chapped. This can best be achieved by applying lanolin 
to them at night, immediately prior to retiring, so that it has all night in 
which to exert its beneficient effect. If lanolin does not suit a particular 
person’s skin, glycerine or one of the proprietary hand lotions can be 
used instead. It should be noted that lanolin or hand lotion must not be 
used on inflamed skin as a treatment, and must only be applied to normal 
or slightly chapped skin. 


5 Ifthe skin should become contaminated with one of the highly alkaline 
solutions it should be washed as soon as possible with a cleanser which 
is neutral, ie., having a pH of approximately 7-0. Two suitable 
cleansers of British manufacture in this category which are available on 
the British market are :— 
Neutrogena soap, marketed by M. & R. Norton Ltd., 
9, Park Hill, London, S.W.4. 
Sevana soap, marketed by Evans Medical Supplies Ltd., 
Speke, Liverpool, Lancs. 
If neither of these cleansers is available, the contaminant should be rinsed 
off as soon as possible with running water, and the hands immersed for 
30 seconds in a 3 per cent solution of acetic acid. The hands should then 
be rinsed again with running water and thoroughly dried on a clean towel. 


6 People who suffer from any type of skin disease, from dandruff, or 
from allergic manifestations such as hay fever or asthma should exercise 
the greatest care in handling chemical solutions since experience has 
shown that, even when the skin is not obviously affected, such people’s 
skin is more liable to react than normal skin. 


Mixing chemicals and making-up solutions 

Great care should be exercised in these operations to prevent either dry 
chemicals or solutions from coming into contact with the skin. Suitable 
gloves should be worn particularly by those who suffer from any form of 
skin irritation. 
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TREATMENT 

Before treatment can be initiated, it is essential that an accurate diagnosis 
should be reached. The sufferer should, therefore, consult his doctor 
who may refer him to a consultant dermatologist. Patch tests may be 
necessary to determine the cause of a rash. 

When an accurate diagnosis has been made, and if the cause of the 
dermatitis is a chemical, the first principle of treatment is to remove the 
person from contact with that chemical (and any other which is likely to 
cause irritation) while treatment continues. The actual treatment of the 
rash is a matter for the doctor to determine. In general, acute eruptions 
should be treated only with lotions or sprays, and not with creams and 
ointments. During treatment, it is essential to keep the skin perfectly 
dry and avoid the use of soap and water on the affected area. The rash 
should be kept covered with light gauze and bandages in order to prevent 
the access of bacteria. 

When the skin has recovered, it is advisable for the person to wait at 
least a week before returning to the process which is thought to have 
caused the trouble. Extreme care should be taken to see that the skin is 
not again contaminated since, once a person has become sensitized to a 
chemical, eruptions are likely to recur. 

The Medical Officers of Kodak Limited will always be pleased to place 
at the disposal of doctors the benefit of their experience in the diagnosis 
and treatment of these photographic-chemical dermatoses, but they 
cannot undertake to advise patients themselves. 


METOL-FREE DEVELOPERS AS USED IN MONOCHROME PROCESSING 

Metol is chemically monomethy] para-aminophenol sulphate, and ‘Elon’ 
is the Kodak trade mark for this chemical. 

It has been found that most common developing agents are less liable 
to produce dermatitis than metol, but, because of its similar photographic 
characteristics, it is ‘Phenidone’ which is frequently used to replace metol 
in developer formulae. Individual workers can substitute ‘Phenidone’ 
for ‘Elon’ in all Kodak developer formulae in which the ‘Elon’ does 
not appear as the sole developing agent. When ‘Elon’ is given in 
combination with another developing agent it may be replaced with one- 
tenth the weight of ‘Phenidone’. This replacement is normally 
satisfactory, but, if with particular sensitized materials, the fog level is 
a little too high a small amount of ‘Kodak’ Anti-Fog Powder should be 
added. 

Various ‘Kodak’ packed and liquid developers do not contain any ‘Elon’, 
and a list of these is given in the Appendix overleaf. 
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APPENDIX 


LIST OF DEVELOPERS AND REPLENISHERS NOT CONTAINING ‘ELON’ 
‘Kodak’ packed developers 
‘Velox’ Developer 
‘Kodalith’ Developer Powder 
‘Kodalith’ Super Developer Powder 
“Kodalith’ Fine-Line Developer Powder 
CPP Developer Powder 
D-8 Developer Powder 
‘Duostat’ Developer Powder 
‘Statfile’ Developer Powder 
‘Photostat? Developer Powder 
CT Developer Powder 


‘Kodak’ liquid developers 
DG-10 Developer 
DN-13 Developer 
DX-80 Developer and DX-80R Replenisher 
CPP Liquid Developer (blue-black and neutral) 
AVC Developer 
DPC Developer 
Q-F X-ray Developer 
Dental X-ray Developer 
‘“X-Omat’ Developer Replenisher (MX-413) 
‘Duostat’ DC Developer 
SP Developer 
CT Liquid Developer 


Kodak formulae 


Various developer formulae which do not include ‘Elon’ are quoted in 
Data Booklet FY-2. 


Kodak, Velox, Kodalith, Duostat, Statfile, Photostat, X-Omat, and Elon 
are trade marks 
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METOL-FREE DEVELOPERS 


THE developer formulae whose numbers are listed below may be used 
in place of the formulae generally recommended for ‘Kodak’ materials. 


METOL-FREE DEVELOPERS RECOMMENDED FOR ‘KODAK’ MATERIALS 


Materials Formulae Materials Formulae 


Films and plates . D.177 Lantern plates. . . D32 
‘Kodaline’ papers D.153 


‘Kodaline’ films and process- Bromide papers . . . D170 


type plates . 2 2... . “Velox ' and  warm-tone 
papers... wae at D3 





All the above formulae will be found in the Formulary (Data Sheet FY-2). 


Metol poisoning 

Solutions of chemicals often cause dermatitis if they come into contact 
with the skin. So-called ‘‘metol-poisoning”’ is really a dermatitis caused 
by metol. 

Metol is chemically monomethyl paraminophenol sulphate, and ‘Elon’ 
is the Kodak trade name for this chemical. 


Although not many people are initially sensitive to metol, they can 
become sensitized to it by careless use over a period of time. It is, there- 
fore, strongly advisable that users of metol solutions should adopt every 
precaution to prevent them from coming into contact with the skin. The 
following are some of the precautions suggested :— 


(1) Whenever possible, sensitized materials in developing solutions 
should be manipulated with forceps or paddles in order to prevent 
the metol or other developer from getting on to the skin. 


(2) An alternative to the use of forceps and paddles is the wearing of 
waterproof rubber gloves. The utmost care should be taken of 
these gloves which should be thoroughly washed and powdered with 
French chalk after each use. Should even the smallest hole appear 
in the rubber, the gloves should be discarded, since the metol would 
leak through the hole and be in contact with the skin longer than 
would be the case if no gloves were used. 


(3) If the skin should become contaminated with developing solution, 
this should be rinsed off as quickly as possible in running water and 
the hands immersed for 30 seconds in a 3 per cent. solution of acetic 
acid. The hands should again be rinsed in running water and 
thoroughly dried on a clean towel. 


(4) In order to keep the skin in good condition and resistant to the 
effects of chemicals, lanoline, or a good hand lotion, should be 
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rubbed into the skin at night immediately prior to retiring. This is 
particularly important in winter when the hands are likely to become 
chapped. 


(5) People who suffer from any form of skin disease must handle 
developing chemicals with the greatest care, since they are more 
liable to react than are people with normal skins. 


Treatment 


Should skin irritation occur, in spite of all precautions, a doctor should 
be consulted without delay in order that an accurate diagnosis may be 
made and appropriate treatment given. It is essential to avoid all contact 
with chemicals once a rash has broken out on the hands. Each case must 
be taken on its merits, but generally speaking calamine lotion is the best 
medicament to apply. It should, however, be used only under medical 
supervision. 

The medical officers of Kodak Limited will always be pleased to place 
at the disposal of doctors the benefit of their experience in the diagnosis 
and treatment of these chemical dermatoses, but they cannot undertake to 
advise patients themselves. 


Kodak, Elon, Kodaline and Velox are trade marks 
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SILVER RECOVERY AND FIXER REGENERATION 


SILVER RECOVERY from a photographic fixing bath is desirable for three 
reasons: 

| The current high price of silver makes recovery profitable and thus 
contributes towards a saving in material costs. 

2 Materials fixed in a solution with a low silver content can be washed 
more efficiently and, hence, increased permanence can be obtained. 
3 Considerable economies in fixer can be achieved because its life is 
extended and the solution can be chemically replenished. 

The last two items above, however, apply only when using an elec- 
trolytic or galvanic method of silver recovery. 

When silver recovery is practised, the fixing bath must be regenerated 
to maintain a short clearing time, the correct degree of acidity and, also, 
to prevent sulphurization, sulphiding, or discoloration of the solution. 

Whilst chemical methods of silver recovery are relatively inexpensive 
to operate, they demand great care and are messy and inconvenient. 
Additionally, a chemically de-silvered fixer must not be regenerated. 

On the other hand, fixing-bath regeneration is possible when elec- 
trolytic silver-recovery methods are used, and the suggestions given 
in this Data Sheet apply mainly to these. 

Further information may be obtained from Kodak Limited, Kingsway, 
London, W.C.2, by writing to the appropriate Sales Division (or to the 
local Kodak House for overseas customers) marking your enquiry ‘‘Silver 
Recovery”. 


SILVER RECOVERY 


Several factors affect the economics of silver recovery; 
| The quantity of material to be processed. 
2 The potential amount of recoverable silver. 
3 The cost of installing and running the recovery plant. 
4 The refiner’s charges. 


The table below shows the potential amounts of silver which may be 
recovered from fixing baths used for treating various materials. How- 
ever, it must not be assumed that these amounts will be recovered fully 
because the actual amounts recovered depend on how much silver is 
carried over into the washing stage, and on the efficiency of the recovery 
apparatus. The amounts do, however, assume the use of average 
exposures. 
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SILVER RECOVERABLE FROM USED FIXERS 








Troy ounces per Grammes per 

raduct square foot square foot 
Monochrome 
Roll or sheet films 0.008* 0.24* 
Prints. . . . . 0.002+ 0.06t 
Colour 
Negative films (Process C- -22) . . : 0.015+ 0.45+ 
Prints from negatives (° Ektaprint’ C) : . 0.007§ 0.21§ 
X-ray 
Medical films . . . e 0.018** 0.54** 
Industrial films . . : 0.019++ 0.57+t 








* Equivalent to about 4.3 troy ounces (134 grammes) per 1000 No. 120 roil films or 1000 8 x 10-inch 
sheet films. 

t¢ Equivalent to about 0.07 troy ounce (2 grammes) per 100 feet of 34-inch wide paper or to about 
1.25 troy ounces (39 grammes) per 1000 8 x 10-inch prints. 

$ Equivalent to about 8.25 troy ounces (257 grammes) per 1000 No. 120 roll films or 8 x 10-inch sheet 
films. 

§ Equivalent to about 0.2 troy ounce (6 grammes) per 100 feet of 34-inch wide paper or to about 3.7 
troy ounces (116 grammes) per 1000 8 x 10-inch prints. 

**Equivalent to about 29 troy ounces (902 grammes) per 1000 14 x 17-inch sheets of medical X-ray film. 

ttEquivalent to about 32 troy ounces (995 grammes) per 1000 14 x 17-inch sheets of industrial X-ray film. 


Various methods of silver recovery are described herein under the 
following main headings: 


I Electrolytic methods 

2 Galvanic methods 

3 Metal-exchange methods 

4 Chemical methods (sludging) 

5 Recovery from discarded fixers, negatives, and prints 


Of the four processes which may be undertaken on the photographer’s 
premises the electrolytic and galvanic methods are the simplest to operate; 
the former is more suitable for large consumers of sensitized material 
and the latter for the smaller user. The chemical methods are more 
complex to operate and do not allow simultaneous regeneration of the 
fixer, but they are useful when the electrolytic method is not available. 

Fixer regeneration techniques are outlined on pages 9-11. 


ELECTROLYTIC METHODS 

These methods employ two electrodes (an anode and a cathode) which 
are placed in the silver-bearing fixer, either in the fixing tank itself or 
in a separate tank used for collecting the exhausted solution. An electric 
current is passed between these electrodes and causes the silver to plate 
out on the cathode. The electrolytic unit must be operated at a carefully 
controlled current density recommended by the manufacturer. If the 
current density is too high for the amount of silver present, silver sul- 
phide will be formed: this prevents good silver plating and makes the 
fixing bath unfit for further use. On the other hand, an excessively low 
current density will not recover sufficient silver to make the process 
economical, and the permanence of materials subsequently fixed in the 
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solution will be impaired also. However, unless the current density is 
much too high, sulphiding is unlikely to occur immediately; the first 
signs are that the colour of the silver on the cathode will change to brown 
from its usual cream colour. 

It is important that the silver-recovery unit employed should be cap- 
able of extracting all the silver from the fixer, even under peak working 
conditions. If, before acquiring equipment, the manufacturer is told the 
maximum volume of solution to be treated, the amount of silver to be 
recovered, and the time available for recovery, he will be able to recommend 
suitable equipment. 

At least one refiner will rent out the apparatus for silver recovery and 
will retain a percentage of the recovered silver as payment, e.g., D. 
Pennellier & Co. Ltd., 28 Hatton Garden, London, E.C.1, who operate 
the patented ‘Purhypo’ process in the United Kingdom. Appendix I 
on page 11 contains a list of silver refiners which indicates also those 
from whom electrolytic silver-recovery equipment is obtainable. 

Once the silver has been removed from the fixing bath, the solution 
is regenerated by adding the necessary chemicals (see page 12). When 
film fixers are regenerated during electrolytic silver recovery, the electrodes 
are usually suspended in the fixer tank itself or, less often, in an adjacent 
recovery tank to which the solution is continuously circulated from the 
main tank. Thus, silver recovery can proceed simultaneously with 
processing. For continuous paper processors, silver recovery from the 
fixer tank itself is not recommended, and neither is the use of a regenerated 
fixer. This is because paper is much more liable to staining than films, 
and also yields far less silver for a given area processed than other materials. 
In this case, the used fixer should be collected in a large separate container 
for silver recovery, and subsequently be discarded. In some photo- 
finishing establishments, where the fixer is continuously replenished on 
the ‘feed and bleed” principle, the used solution is run off into a separate 
tank where the silver is removed: the de-silvered solution is then discarded. 
However, in the dish or tank processing of paper, simultaneous silver 
recovery and fixer regeneration is practicable provided that adequate 
washing is given. 


GALVANIC METHODS 

It is possible to recover silver from fixing solutions by placing two 
dissimilar metals in contact and immersing them in the fixing tank. Such 
a unit is marketed commercially by Collingridge & Co. Ltd., Riverside 
Road, Watford, Hertfordshire, and is known as the ‘Argeco’ Unit. It 
consists of a sheet of metal to which are attached discs encased in a 
plastics shell. The silver in the solution plates out on to the metal sheet. 
The discs must be changed frequently since they become polarized and 
inactive with use. This type of unit is most suitable for the small com- 
mercial or portrait photographer, small X-ray department processing 
under 50 films per day, graphic-arts studio, etc. 


METAL-EXCHANGE METHODS 
Silver is described as a noble metal because it is less easily dissolved 
than base metals such as copper, iron, and zinc. Ifa base metal is brought 
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into contact with a solution of a silver salt, it will dissolve to take the place 
of the silver, which becomes deposited from the solution in exchange. 
This principle can be applied to silver recovery from used fixers. For 
the most rapid recovery zinc dust should be used, but this is not as con- 
venient a material as steel wool which is cheap and readily available in a 
range of gauges and packings as a domestic or industrial cleaning material. 
Tron filings, scrap tinplate, and similar metals can also be used but the 
action is slower and may be less complete. 


Steel-wool recovery method 

If a used fixer is filtered through a container packed with steel wool, 
it will become completely de-silvered. In the process, however, the fixer 
becomes charged with iron salts which spoil it for re-use in most photo- 
graphic operations. Previously, this spoilage limited the application of 
steel wool for silver recovery but the introduction of automatic processors, 
such as Kodak ‘X-Omat’ and ‘Versamat’ Processors, favours a destructive 
method of silver recovery because it is undesirable to re-use fixers in 
them. 


A recovery vessel can be made in practically any shape or size, pro- 

vided only that the fixer is led upwards through the charge of steel wool 
and is discarded from the top. This arrangement is desirable because: 
I It ensures that the steel wool is always submerged below the surface 
of the fixer and thus prevents the rusting that would occur if fixer-wet 
steel wool came into contact with the air. It also prevents overheating 
owing to the spontaneous reaction in air between metallic silver and steel 
wool. 
2 Silver-bearing fixer is denser than de-silvered fixer, and an upward 
path, therefore, favours a more stable condition and a smoother exchange 
without the danger of the silver-bearing fixer breaking through the steel 
wool along an easy channel. The action is most efficient when the pH of 
the fixer is within the range 5 to 6. 


As the steel becomes exchanged for silver, the colour of the wool 
changes from black to light grey. Until the topmost layer of steel wool 
starts to show some grey flecks, it may safely be assumed that no silver 
is escaping from the unit. A simple check can be made by allowing the 
effluent from the top of the recovery vessel to drip on to a small bright 
strip of copper or even a post-war copper coin. If the strip shows any 
sign of silver plating, the wool has reached the stage when it should be 
replaced. The unit is then drained into a temporary holding vessel, and 
the converted steel wool removed, dried, and sent to the refiners. A 
fresh charge of steel wool is placed in the vessel, the drained fixer is re- 
turned, and the process allowed to continue. 


CHEMICAL METHODS (SLUDGING) 

Two chemical processes are described below, namely the sodium 
sulphide and sodium hydrosulphite methods. These methods of silver 
recovery are of particular interest to large consumers of sensitized material 
although they require some care in handling and, in some cases, the 
inconvenience of removal of the fixer from the darkroom for treatment. 
The sodium sulphide method is preferable, since it is somewhat cheaper 
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to operate than the hydrosulphite method. When using the sodium 
sulphide method, however, the recovery operation must be conducted 
away from the darkroom or wherever sensitized materials are stored or 
handled, since unpleasant-smelling fumes, harmful to the materials, are 
liberated during the process. 

Since a considerable amount of fixing solution is carried over into the 
wash tank, the silver contained therein is also lost—in amount according 
to the degree of exhaustion of the fixer. In order to minimize this waste, 
two-bath fixing is recommended: this keeps the silver content of the 
second fixing bath toa minimum. Using this method the silver content 
can be permitted to build up higher in the first bath than would be desir- 
able with one-bath fixing and, therefore, allows more effective and com- 
plete silver recovery. The full recommended draining times should be 
observed on transferring the sensitized material from the developer to 
the fixer, and from the fixer to the washing water. 

At least one, but preferably two water-tight wooden barrels, or crocks 
should be available into which waste fixer is emptied. Some of the silver 
refiners listed on page 11 are prepared to supply suitable containers to 
customers. Ata height of one foot from the bottom of each barrel, a hole 
should be bored in the side into which should be driven a wooden tap; 
crocks also should be provided with a suitable tap. The barrels or crocks 
should be supported so that pails may be placed beneath the taps. 


Sulphide recovery method 

| Making the fixer alkaline : 2 pounds (200 grammes) of sodium hydroxide 
(caustic soda) should be dissolved slowly, while stirring, in 1 gallon (1 
litre) of cold water. Heat is evolved during this operation and the 
solution should be allowed to cool before being stored in bottles. 

When the level of the waste fixer is just short of the top of a barrel, the 
caustic soda solution should be added in the proportion of 1 ounce (6 cc) to 
1 gallon (1 litre) of fixer, and the whole thoroughly stirred. It should then 
be tested for alkalinity by the use of litmus paper. Ifthe paper does not 
change colour, as it should, from red to blue, then more caustic soda 
solution should be stirred in, little by little, until it does. After the stage 
at which the litmus paper does turn blue, a further addition should be made 
of 12 minims (1 cc) of the caustic soda solution to each gallon (litre) of 
liquid in the barrel. 

If a potassium alum fixing bath has been used, a precipitate should 
form which will re-dissolve when this additional alkali has been well 
stirred into the solution ; the disappearance of this precipitate is a good 
indication that the fixer is sufficiently alkaline and ready for precipitation 
of the silver. Ifthe fixer contains chrome alum, a precipitate forms which 
will not re-dissolve with the additional alkali. No precipitate is formed if 
the fixer is of the non-hardening type. 

2 Precipitation of the silver: A solution of sodium sulphide should be 
made by dissolving 6 pounds (600 grammes) of crystalline sodium 
sulphide in 1 gallon (1 litre) of water. 


THIS SULPHIDE SOLUTION MUST BE PREPARED AND 
STORED AWAY FROM THE DARKROOM AS THE FUMES WILL 
FOG PHOTOGRAPHIC MATERIALS 
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This sodium sulphide solution should then be added to the contents of 
the barrel, while stirring, in the proportion of 1 ounce (6 cc) to | gallon 
(1 litre) of liquid. 

The solution should then be allowed to stand until it becomes clear; this 
usually occurs in approximately 30 minutes. In order to determine 
whether all the silver has been precipitated, a small glass vessel should be 
filled, from the top of the barrel, with the clear solution. To it, should be 
added a small amount of the sodium sulphide solution. If a precipitate 
forms it indicates that some silver is still retained and a further 15 minims 
(1.5 cc) of sodium sulphide solution should then be added to each gallon 
(litre) of liquid in the barrel. The entire contents should be stirred, 
allowed to settle—and re-tested. This procedure should be repeated if 
necessary until no more precipitate is formed on a re-test. The liquid 
should be allowed to settle overnight, and the clear fluid should then be 
drained off to waste by the use of the tap. 

The barrel should be refilled with waste fixer and the whole recovery 
process repeated until the silver-bearing sludge comes on a level with the 
tap. At this stage another barrel should be brought into use. 
Hydrosulphite recovery method 

This procedure has the advantage that the sludge is very rich in silver. 
However, the silver is precipitated in a very finely divided state, so that 
it tends to deposit on the walls of the container. 

Sodium hydrosulphite—1 ounce (6 grammes)—and anhydrous sodium 
sulphite—1 ounce (6 grammes)—are required per gallon (litre) of exhausted 
fixing bath. These chemicals should be added in the dry form and 
thoroughly stirred into the exhausted bath. The bath should be allowed 
to stand overnight, or for at least 12 hours. It is advantageous to stir the 
bath once or twice during this period, but this is not essential. After 
about 12 hours the precipitate will have settled to the bottom of the con- 
tainer. A glass full of clear solution should be removed from the top of 
the barrel and tested by adding a small amount of sodium sulphide solu- 
tion. If a precipitate forms, the waste fixer retains some silver and a 
further addition should be made of 4 ounce (3 grammes) of sodium 
hydrosulphite and 4 ounce (3 grammes) of anhydrous sodium sulphite to 
each gallon (litre). This should be allowed to stand for 12 hours and then 
be re-tested. The procedure should be continued until a test indicates 
that all the silver has been precipitated; the liquid should then be drained 
off by the use of the tap. 

The whole process should be repeated with further batches of waste 
fixer until the sludge rises to the height of the tap. 

Preparation of the sludge for refiners 

When the silver sludge formed by these chemical methods is removed 
from the barrel it should be mixed with about three times its bulk of saw- 
dust or other similar absorbent material. This gives a sufficiently dry 
sludge to prevent moisture soaking through the container in which it is 
subsequently packed, and thus avoids the risk of damage to other goods. 

The dry sludge should be packed in a wooden box for despatch to the 
refiners. Some refiners may be prepared to collect the sludge when it has 
reached a certain weight ; this should be ascertained direct from the firms 
concerned. 
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RECOVERY FROM DISCARDED FIXERS, NEGATIVES, AND PRINTS 

Apart from the recovery of silver from exhausted fixing solutions, the 
value of silver in discarded negatives and prints should not be over- 
looked. These can be disposed of to a silver refiner. This is a quite 
common practice with discarded radiographs, but in other fields also 
such a practice merits consideration. 

In some X-ray or photographic establishments it may not be con- 
venient for any of the above methods to be used. In such cases some 
of the silver refiners are prepared to collect exhausted liquid fixer from a 
customer’s premises, extract the silver, and make appropriate financial 
reimbursement. 


TWO-BATH FIXING OF MONOCHROME MATERIALS 

For the best results, the most efficient fixing, and the maximum life 
of the fixer, the use of two successive fixing baths is generally recommended 
when moderate quantities of material are to be handled: full practical 
details are given in many of the Data Sheets on individual sensitized 
materials (see Sections PL, PP, and FM). In such cases, electrolytic 
silver recovery is not economical and it will be better to use one of the 
chemical recovery methods or to dispose of the used fixer to a silver 
refiner (see above). When large quantities of material are to be handled, 
e.g., in photofinishing establishments, electrolytic silver recovery with 
simultaneous fixer regeneration becomes worthwhile; it also eliminates 
the need for two-bath fixing techniques. 


Continuous film processing 

Electrolytic silver recovery direct from each fixer tank, together with 
fixer regeneration, may be undertaken simultaneously with processing. 
‘Kodafix’ Solution is eminently suitable for this type of operation. 


Continuous paper processing 

As the re-use of de-silvered and regenerated fixers is not recommended, 
silver recovery should be undertaken in a separate tank and the de- 
silvered solution discarded. With the ‘Kodak’ Continuous Roll-Paper 
Processor, Model 3, or similar equipment, one of two alternative pro- 
cedures can be adopted: 
I For operating speeds of about 4 feet per minute, where the fixer is 
periodically discarded, the contents of both tanks are transferred to the 
recovery tank. 
2 For operating speeds of 8 feet per minute, where the fixer is contin- 
uously replenished on the “‘feed and bleed” principle, the fixer from both 
tanks is bled off into the recovery tank. 

Procedure 2 is probably the most convenient as it permits the use of 
a much smaller recovery tank than that required by procedure I. 


SILVER RECOVERY FROM COLOUR PROCESSES 

As can be seen from the table on page 2, the potential amounts of silver 
recoverable from colour processes are much higher than from monochrome. 
Currently, Kodak Limited recommends silver recovery from the C-22 
and ‘Ektaprint’ C colour processes. 


7 PR-9 


However, in all colour processes, do not recover silver direct from the 
fixing tank and do not use regenerated fixers, owing to the complex and 
critical nature of these processes; instead, recovery should be undertaken 
in a separate tank. In photofinishing establishments where the fixer or 
stop-fixer is continuously replenished on the “‘feed and bleed” principle, the 
used solution is piped into a separate tank where the silver is removed. 
In either case, the de-silvered solution must be discarded. 


FIXER REGENERATION 


CAUSES OF FIXER EXHAUSTION 

During fixing the following changes occur in the fixer, and the clearing 
time increases. 
| A reduction in hypo concentration. This drop in concentration, 
which follows normal use of a fixing bath, is due to dilution of the fixer 
by solution carried over from the developer or stop bath, and to the 
carry-over of fixer into the wash-tank. It can be overcome simply by 
maintaining the specific gravity, which should be measured with a 
hydrometer. When the specific gravity has fallen to the known limit at 
which the increase in clearing time can no longer be tolerated, a specific 
addition of regenerating chemicals can be made (see pages 10, 11, and 12). 
This obviates the necessity for guessing or calculating the quantities of 
the chemicals to be added. 


2 Achange in the pH value of the fixer. This has no effect on the clearing 
time. If an inefficient rinse or stop bath has been used, the pH value 
may rise (i.e., the acidity may decrease) owing to carry-over of developer. 
This can lead to sludging, if an acid hardening fixer is employed; local 
staining of negatives, radiographs, or prints, owing to developer oxidation 
products; and the formation of dichroic fog. If electrolytic silver 
recovery has been employed, together with an efficient rinse or stop bath, 
the pH value may fall (i.e., the acidity may increase) and result in sulphur- 
ization of the fixer. The pH value should be checked by the use of an 
indicator solution, preferably after each addition of regenerating chemicals. 

Bromo-cresol green indicator is recommended for use with acid harden- 
ing-fixing solutions containing potassium alum. A sample of the fixing 
solution should be taken in a test tube, and two or three drops of the 
indicator added. A bluish-green colour will probably be obtained, and 
small quantities of a 50 per cent solution of acetic acid should be added 
to the fixing solution in the tank until, with a further indicator test, a 
pure bottle-green colour is obtained. A yellow-green colour indicates 
too low a pH, which may cause sulphurization; in this case small quantities 
of a 10 per cent solution of caustic soda should be added until a pure 
bottle-green colour is obtained. 

In order to assess the pH of non-hardening fixing solutions, or those 
containing chrome alum, the indicator bromo-cresol purple should be used. 
This latter type of fixer is packed normally with its hardening agent 
separated from the hypo, and the acidifying agent either packed separately 
or in admixture with the hypo. After the addition of the hypo and acidi- 
fying agent on regeneration, the chrome alum is added in the same pro- 
portion to the other chemicals as is used in the preparation of the fresh 
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fixing solution. The pH test, using bromo-cresol purple, should then 
be made; if the resultant colour is purple, sodium metabisulphite should 
be added to the bulk of the fixing solution until a faint yellowish-green 
tinge is discernible with the indicator test. Jt should be noted, however, 
that little or no hardening action can be obtained with a fixing solution 
containing chrome alum when the pH is maintained in this manner; 
chrome alum could justifiably be omitted from the fixing solution, as this 
enables the indicator test to be made with greater clarity. 

3 The formation of soluble silver complexes. These are the principal 
products of the fixing process, and their concentration may have a 
significant effect on the clearing time and on the permanence of the 
processed materials. It is from these complex compounds that the 
silver is recovered. Details of the optimum rates of silver recovery are 
available from the manufacturers of recovery units, and limits for the 
concentration of residual silver complexes in processed material may 
be found in Data Sheet RF-6. 

NOTE: When employing electrolytic silver recovery, the recovery unit 
should not be switched on in a fresh fixing bath until at least 45 No. 120 
films* per gallon (10 films per litre) of solution, or the equivalent, have 
been processed. With fresh X-ray fixers, the unit should not be switched 
on until at least 15 10x 12-inch sheets of film per gallon (4 24x 30- 
centimetre sheets per litre) of solution, or the equivalent, have been 
processed. 

4 An increase in the concentration of soluble halides. Nothing can be 
done to reduce the concentration of these by-products of the fixing 
process as there is no practical method of extracting them from the fixing 
solution. However, their effect may be partially counteracted by re- 
generating the fixing bath. 

5 One of the side-effects of electrolytic silver recovery is to deplete the 
preservative content of the fixer. If this depletion is left unchecked, the 
fixer may sulphurize, the quality of the silver deposited on the cathode will 
be poor, and sulphiding may occur. At each regeneration, therefore, it is 
advisable to add extra preservative, in the form of sodium metabisulphite. 
Sodium sulphite can be used but it has the disadvantage of being slightly 
alkaline in solution, whereas the metabisulphite is acidic and, thus, 
contributes to the acidity of the fixer. 


REGENERATION OF FIXING SOLUTIONS 

Although it would appear that a fixing solution may be used indefinitely 
by the use of an efficient fixer-regeneration system, it is preferable to 
change the solution no less frequently than once every six months to 
avoid the accumulation of foreign matter in the bath. Since it is not 
practicable to completely remove the silver content of a used fixing 
solution, care should be taken not to overwork a regenerated fixer otherwise 
the permanence of the processed materials may be impaired. 
NOTE: When practising fixer regeneration, silver recovery should be 
undertaken at such a rate that the concentration of soluble silver com- 
plexes is held between acceptable limits. The regeneration recom- 
mendations given below are based on the specific gravity of the fixer 
solution, but if the concentration of the silver complexes is excessive, 
* One No. 120 film is equivalent to 80 square inches (516 square centimetres). 
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the indicated specific gravity will be elevated and result in inadequate 
regeneration. The concentration of the silver complexes should be 
monitored using a suitable silver-estimating kit or paper*. For mono- 
chrome films, the concentration of silver should be kept between 0.5 and 
2 grammes per litre and, for X-ray films, between 3 and 5 grammes per 
litre. At lower concentrations, sulphiding may occur, and at higher 
concentrations, permanence will be impaired. 

The use of regenerated fixing baths should result in a saving of from 
50 to 75 per cent of fixer chemicals. 


Sulphiding, sulphurization, and solution discoloration 

Another effect of the electrolytic process is that any developing agents 
which may be carried over into the fixer are decomposed at the anode, 
resulting in a darkening of the solution and the possible staining of 
processed material. An immediate solution to this problem is to use an 
efficient stop bath or water rinse after development, but the trouble is 
minimized by maintaining the concentration of preservative as recom- 
mended above. 

The quantity of sodium metabisulphite which should be added depends 
on such factors as the make of silver-recovery unit and the current 
density used. In the following sections, and in the table on page 12, a 
guide is given to the correct additions: should the silver on the cathode 
begin to darken in colour, the quantity of sodium metabisulphite added 
should be increased. 


Regeneration of packed fixers 
The table in Appendix II on page 12 gives recommendations for 
regenerating several ‘Kodak’ packed fixers when used for fixing films. 


In the following passages, the figures for specific gravity are followed by other 
figures in brackets. These indicate the concentration of crystalline salts, in 
grammes per litre—a scaling used on some makes of hydrometer,; these 
figures can be used to assess the addition of hypo crystals. 


Fixing solution for negatives 

Where it is desired to make up a film fixer from bulk chemicals, Kodak 
formula F-5 (see Data Sheet FY-4) or the following formula is recom- 
mended: 


Metric Avoirdupois 

2000 grammes Sodium thiosulphate (hypo cryst.) 4 lb 
250 cc ‘Kodak’ Liquid Hardener 8 fl oz 

5000 cc Water to make 1 gallon 


The specific gravity of this solution, when fresh, should be approx- 
imately 1.190 (400), with a pH of 3.7. A fresh solution made up according 
to formula F-5 has a specific gravity of approximately 1.140 (290), with a 
pH of 4.0. 

It is advisable to check the S.G. and the pH frequently. This testing 
procedure should be undertaken at the end of the working day so that any 
hypo crystals which may need to be added will dissolve during the night. 
However, if the fixing baths are not in constant use this check need be 


made only about once every week. 
* Silver-estimating paper is available from Johnsons of Hendon Ltd. 
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When the specific gravity of the F-5 solution falls to 1.118 (240), it 
becomes necessary to replenish the solution with the following quantities 
of chemicals per gallon (or 5 litres) of solution: 


Metric Avoirdupois 
250 grammes Sodium thiosulphate (hypo cryst.) 8 ounces 
188 cc F-5a Hardener stock solution 6 fl oz 


(for formula see Data Sheet FY-4) 


If the alternative fixing solution is used, it should be replenished when 
the specific gravity falls to 1.145 (300), by the addition of the following 
quantities of chemicals per gallon (or 5 litres) of solution: 


Metric Avoirdupois 
500 grammes Sodium thiosulphate (hypo cryst.) 1 Ib 
60 cc ‘Kodak’ Liquid Hardener 2 fl oz 


After the above additions have been made, the specific gravity should 
be measured with a hydrometer; it should be approximately 1.190 (400). 


For the reasons given on page 10, it is advisable to add } ounce of 
sodium metabisulphite for every gallon (3 grammes for every litre) of 
tank capacity at each regeneration. 


The above additions should be stirred thoroughly into the solution 
and the pH checked in the manner described on page 8. 


WARNING—In handling fixing solutions in bulk for any of the above- 
mentioned forms of treatment, care should be taken to avoid spilling on 
to brickwork, concrete, or other porous surface. The penetration 
and subsequent crystallization of hypo in such surfaces may cause gradual 
disintegration which, once started, is difficult to halt. Any such surfaces 
liable to be splashed, and especially if a part of the fabric of the building, 
should be protected with a coating of pitch, bitumen, bitumastic paint, 
rubber, or well-glazed tiles set in bitumen or other resistant cement. 


APPENDIX | 
LIST OF SILVER REFINERS 
The following is a list of some of the silver refiners in the United 
Kingdom. It should not, however, be regarded as comprehensive. 
Details of the services offered should be obtained direct. 


*John Betts & Sons Ltd. 11-14 Kirby Street, London, E.C.1 

64 Charlotte Street, Birmingham, 3 

J. Blundell & Sons Ltd. 199 Wardour Street, London, W.1 
*Collingridge & Co. Ltd. Riverside Road, Watford, Herts. 


Engelhard Industries Ltd. 57 Hatton Garden, London, E.C.1 
Baker Platinum Division 

Johnson Matthey Chemicals Stockingswater Lane, Brimsdown, 
Ltd 


: Enfield, Middx. 
Johnson Matthey Metals Ltd. 65 Vittoria Street, Birmingham, 1 
*D. Pennellier & Co. Ltd. 28 Hatton Garden, London, E.C.1 
The Sheffield Smelting Co. 134-136 St. John Street, London, E.C.1 
Ltd. P.O. Box 28, Royds Mills, 


Windsor Street, Sheffield, 4 


* Companies from which electrolytic units can be obtained, 
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FIXING BATH MAINTENANCE 
AS AFFECTED BY SILVER RECOVERY 


FIXING-BATH regeneration is relatively simple when electrolytic or galvanic 
methods of silver recovery are being used. Regeneration of fixer after 
chemical methods recovery, however, is possible only provided the 
recovery operation is conducted with care, but such chemically de-silvered 
fixer baths should be used only for further negative fixing and not for print 
fixing. Of the chemical methods available, the sodium hydrosulphite 
process is recommended when it is desired to regenerate the fixing solution 
(Data Sheet PR-9). 


Certain of the changes which take place in a fixing bath during use 
materially affect the clearing time of negatives or prints. The two factors 
exerting most influence are the reduction of the hypo concentration, and 
the increase in the soluble halide concentration. Moreover, the silver 
concentration of the fixing solution will probably also exert some influence, 
but this may be ignored if it can be assumed that the method of silver 
recovery being employed is suitable for the quantity of film being passed 
through, and if the unit is working efficiently. In these circumstances, the 
concentration of silver in the fixing solution should be kept to a minimum. 
The loss of acidity owing to diluted developer being carried over into the 
fixer does not affect the clearing time. 


The increase in concentration of the soluble halides cannot be overcome 
since there is no practical method of extracting them from the fixing 
solution. 


The drop in hypo concentration which follows on normal use of a fixing 
bath can be overcome simply by maintaining the specific gravity, which 
should be measured with a hydrometer. When the specific gravity has 
fallen to the known limit at which the increase in clearing time can no 
longer be tolerated, a specific and known addition of regenerating chemi- 
cals can be made. This obviates the necessity for guessing or calculating 
the quantities of chemicals to be added. 


Another operation which must be undertaken is the maintenance of the 
correct degree of acidity. Failure to do this will involve many undesirable 
consequences, such as sludging, if an acid hardening fixer is employed; 
staining of negatives or radiographs, owing to developer oxidation pro- 
ducts; and the formation of dichroic fog. The acidity should be checked 
by the use of an indicator solution, preferably, after each addition of fixing 
chemicals. 


Brom-cresol green indicator is recommended for use with acid hardening 
fixing solutions containing potassium alum. A sample of the fixing solution 
should be taken in a test tube, and two or three drops of the indicator 
added. A bluish-green colour will probably be obtained, and small 
quantities of a 50 per cent solution of acetic acid should be added to the 
fixing solution in the tank until, with a further indicator test, a pure or 
bottle green colour is obtained. Care should be taken not to over-acidify 


Issue A Kodak Data Sheet 
PR-10 


the fixing solutions. This is indicated by a yellow-green colour; over- 
acidification may cause sulphurization. 


In order to assess the acidity of non-hardening fixing solutions, or those 
containing chrome alum, the indicator bromo-cresol purple should be used. 
This latter type of fixer is packed normally with its hardening agent 
separated from the hypo, and the acidifying agent either packed separately 
or in admixture with the hypo. After the addition of the hypo and acidi- 
fying agent on regeneration, the chrome alum is added in the same pro- 
portion to the other chemicals as is used in the proparation of the fresh 
fixing solution. The acidity test, using bromo-cresol purple, should then 
be made; if the resultant colour is purple, sodium metabisulphite should 
be added to the bulk of the fixing solution until a faint yellowish-green 
tinge is discernible with the indicator test. It should be noted, however, 
that little or no hardening action can be obtained with a fixing solution 
containing chrome alum when the acidity is maintained in this manner; 
chrome alum could justifiably be omitted from the fixing solution, as this 
enables the indicator test to be made with greater clarity. 


Although it would appear that a fixing solution may be used indefinitely 
by the use of an efficient fixer-regeneration system, it is preferable to 
change the solution no less frequently than once every six months. 
Traces of gelatine from the films tend to build up in the bottom of the fixing 
tank and thorough cleaning at regular intervals is recommended. Since 
it is not practicable to completely remove the silver content of a used 
fixing solution, a regenerated fixer will yield a lower fixing capacity than 
fresh fixer. This could result in reduced permanence of the negatives 
and prints, and care should be taken not to overwork a regenerated fixer. 


The use of regenerated fixing baths should result in a saving of from 
50 to 75 per cent of fixer chemicals. 


REGENERATION OF FIXING SOLUTIONS 


In the passages below, the figures for specific gravity are followed by other 
figures in brackets. These indicate, approximately, grammes of hypo 
(crystals) per litre, a scaling used on some makes of hydrometers. 


Fixing solution for negatives 


It is recommended that negatives be fixed in a solution made up accord- 
ing to Kodak formula F-5 (see Data Sheet FY-4) or in a solution made up 
according to the following formula :— 


Metric Avoirdupois 

2000 grammes Sodium thiosulphate (hypo cryst.) 4 lb 
375 cc ‘Kodak’ Liquid Hardener 12 fl. oz 

5000 cc Water to make 1 gallon 


The specific gravity of this solution when fresh should be approx- 
imately 1-190 (410). A fresh solution made up according to formula 
F-5 has a specific gravity of approximately 1-140 (298). It is advisable 
to check this and acidity frequently. This testing procedure should be 
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undertaken at the end of the working day so that any hypo crystals which 
may need to be added will dissolve during the night. However, if the 
fixing baths are not in constant use this check need be made only about 
once every week. 


When the specific gravity of the F-5 solution falls to 1:118 (250) it 
becomes necessary to replenish the solution with the following quantities 
of chemicals per gallon (or 5 litres) of solution :— 


Metric Avoirdupots 
250 grammes Sodium thiosulphate (hypo cryst.) 8 ounces 
188 cc F-5a Hardener stock solution 6 fl. oz 


(for formula see Data Sheet FY-4) 


If the alternative fixing solution is used, it should be replenished when 
the specific gravity falls to 1-145 (310) by the addition of the following 
quantities of chemicals per gallon (or 5 litres) of solution :— 


Metric Avoirdupois 
500 grammes Sodium thiosulphate (hypo cryst.) 1 Ib 
94 cc ‘Kodak’ Liquid Hardener 3 fl. oz 


After the above additions have been made, the specific gravity should be 
measured with a hydrometer; it should be approximately 1-190 (410). 
The solution should be thoroughly stirred and the acidity checked by 
using the procedure outlined on page 1. 


If a fixing solution is kept in use for long periods without proper 
regeneration, the metabisulphite (or sulphite) content is gradually dim- 
inished by aerial oxidation, and hence sulphurization can occur. Sulphuri- 
zation, i.e., the formation of a fine suspension of sulphur, is caused by 
aerial oxidation of the sodium thiosulphate, and gives the fixing solution 
a milky appearance. Consequently, when replenishing the fixer, it is 
advisable to add 4 oz of sodium metabisulphite for every pound (3 grammes 
for every 100 grammes) of hypo crystals added from the commencement 
of regeneration. This addition will prevent sulphurization and dis- 
coloration of the solution. 

Fresh fixing solution should not be added to the tanks while silver 
recovery is proceeding and it is advisable, therefore, to add two or three 
gallons of exhausted fixing solution to the fixing tanks prior to the addition 
of the freshly prepared fixer. 


Fixing solution for prints 


It is recommended that prints be fixed in a solution made up according 
to the following formula :— 


Metric Avoirdupois 
1250 grammes Sodium thiosulphate (hypo cryst.) 24 Ib 
250 cc ‘Kodak’ Liquid Hardener 8 fl. oz 
5000 cc Water to make 1 gallon 
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One of the essential points of the electrolytic recovery process when using 
print fixers is to ensure that all the exhausted fixer, provided the volume is 
not too great, is added to the first recovery tank at one time rather than in 
small, separate quantities. If the print fixer in use lasts normally for one 
day it can be emptied into the first recovery tank at the end of the working 
day or at some other convenient time. 


When all the exhausted print fixer has been emptied into the first tank, 
the solution should be stirred thoroughly, and the specific gravity measured. 
The following additions of chemicals per gallon (or 5 litres) of solution, 
according to the specific gravity measured, should be made to the first 
tank to bring the figure up to 1-123 (260). 


Specific Gravity 
Chemicals to. |_—- J ss 
be added 1-107 to 1-117 | 1-096 to 1-106 | 1-085 to 1-095 | 1-074 to 1-084 
(225 to 247) (200 to 222) (176 to 198) (152 to 174) 


Sodium thiosul- 4lb 





+ 3 Ib 3 Ib IIb 
phate (hypo (or 125 (or 250 (or 375 (or 500 
crystals) grammes) grammes) grammes) grammes) 
‘Kodak’ Liquid 2 fl. oz Id fl. oz 24 fl. oz 3 fl. oz 
Hardener (or 23cc) (or 47cc) (or 70cc) (or 94cc) 


The above additions should be stirred throughly into the solution and 
the acidity measured in the manner described on page 1. 


It is preferable to add additional sodium metabisulphite when regenerat- 
ing a print fixer since, in certain circumstances, the fixing solution turns 
deep orange-brown in colour. This addition also prevents sulphuri- 
zation; 1 ounce of sodium metabisulphite should be added for every 
pound (6 grammes for every 100 grammes) of hypo crystals added. 


When the procedure outlined above has been completed the de-silvered 
and regenerated fixing solution extracted from the third recovery tank is 
ready for immediate use. 


Fixing solution for X-ray films 


‘Kodak’ X-ray Fixer Powder is most convenient for regeneration 
since it is supplied as a single powder which makes a colourless solution. 


The specific gravity of this solution when fresh should be 1-170 (365), 
but a drop to 1-155 (335) will not materially affect the rate of clearing. 
When this lower limit is reached, however, the contents of a 1-gallon 
(4:5 litres) tin of the powder should be added to each 10-gallons (45 litres) 
of fixing solution; this will restore the specific gravity. In case slight 
discoloration of the solution is regarded as objectionable, 24 ounces 
(70 grammes) of sodium metabisulphite should be added for every 1-gallon 
(4:5 litres) tin of the fixing salt. 


The acidity should be assessed by the use of the technique described on 
page 1. 
‘Kodak’ X-ray Rapid Acid Fixer has a specific gravity of approximately 
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1-210 (450) when fresh, and requires the addition of the contents of a 
1-gallon (4-5 litres) tin of the fixer powder for every 10-gallons (45 litres) 
of solution when the specific gravity drops to 1-190 (410). If the acidity 
is assessed and corrected according to the technique described on page 2, 
i.e., using sodium metabisulphite, no further chemical is required to be 
added to prevent discoloration. 
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Product names quoted thus 
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STAINS ON MONOGHROME NEGATIVES AND PRINTS 


Many types of stains result from carelessness such as overworking of 
developing solution, using solutions at too high a temperature, agitating 
inadequately, processing too many films or prints simultaneously in a dish, 
and fixing or washing insufficiently. There are other causes of stains 
but the great majority fall under one or other of the above headings. 


The identification of a stain is simplified if it is known at what point 
in the processing, or in its life after processing, the trouble first appeared. 
Another most important piece of evidence in the diagnosis is the visual 
appearance of the stain—namely its colour, characteristic, position on the 
material—and the type and nature of the material itself. 


Before any attempt at chemical restoration of a stained negative or 
print a photographic copy should be made. Indeed in certain cases it is 
possible to eliminate the defect photographically by copying with the aid 
of suitable filters and if this can be done it is usually preferable to chemical 
treatment of the original. This should never be attempted until the 
fundamental principles underlying such treatment are thoroughly appre- 
ciated. The restoration of a valuable negative or print should never be 
entrusted to a person having little knowledge of photographic processing. 


Although colloquially the word “stain” is normally associated with 
something coloured, it is here used to describe any deposit foreign to 
the image which will absorb light differentially, and which is therefore 
capable of producing an image of itself during printing (in the case of 
negatives), or copying (in the case of prints). This definition, therefore, 
includes not only coloured spots, irregular coloured markings and general 
all-over stains but also white or coloured scums, opalescence, and dichroic 
fog. 


Stains may be classified into two divisions: general, when they are 
more or less evenly distributed over the entire surface of the material; 
and local, when they are not so uniformly distributed. 


For ease of reference the stains have been classified according to their 
colour and type, regardless of the kind of sensitized material on which 
they occur. 


Several types of white or light-coloured stains may appear on the dried 
gelatine film, including water-soluble, crystalline residues such as hypo 
and hard-water salts, various aluminium precipitates, calcium sulphite or 
carbonate formed in the developer, organic matter adhering from the 
washing water, wetting agents precipitated from a drying bath, and an 
opalescence from a fixing bath which has “‘sulphurized”, from too rapid 
drying after alcohol treatment at too high a temperature, or from the use 
of too concentrated an alcohol drying bath. 


Yellow to brown stains appearing on processed negatives and prints 
may be caused by developer oxidation, silver or silver sulphide stains and 
dichroic fog, vegetable matter, iron deposits, incomplete fixing or dye 
residues. 
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WHITE PROCESSING STAINS 
Water-soluble residues 


White or light-coloured deposits may consist of hypo crystals left by 
very inadequate washing, or if washing has been thorough, a salt residue 
left subsequent to the evaporation of the washing water. 


Salt residues left by hard or salt water are usually most visible on the 
base side of unbacked 35 mm or aero films, or on plates, They can be 
prevented by bathing the material in a solution of an efficient wetting 
agent, such as Kodak ‘Photo-Flo’ solution, before drying. Water- 
softening processes are of little value since they do not reduce the total 
salt content of the water. 


Removal of Water-soluble Residues: Salt residues can usually be removed 
by polishing with a very soft slightly damp cloth. Heavy deposits should 
be removed by re-washing thoroughly. 


Wetting-agent sludges and scums 


The selection of a suitable wetting agent to be used as a final rinse 
bath prior to drying is important, as many of these agents are precipitated 
either by calcium salts present in hard water or by traces of alum carried 
into the bath by incompletely washed negatives. These precipitates 
collect as a sludge in the solution and show as a scum on the negative. 
Some wetting agents will support the growth of organisms in the solution 
or on the dry negative and these should be avoided. ‘Photo-Flo’ solution 
neither sludges with hard water or alum nor encourages the growth of 
organisms. 


It is economical in practice to replace baths of ‘Photo-Flo’ solution 
frequently because they are diluted by wash water and form a depository 
for dust or other foreign matter carried in by the negative, or from the 
atmosphere, etc. An easily detachable lid should always be provided for 
the bath of ‘Photo-Flo’ solution. 


Removal of Wetting-Agent Deposits: Wetting-agent deposits may be water 
soluble especially if the scum is a result of the use of an excessive con- 
centration of the agent. Scum precipitated by alum will tend to be 
soluble in acids and alkalis; those caused by reaction with calcium salts 
will be acid soluble. Scums can generally be removed by the procedure, 
given on page 4, for removing aluminium deposits. 


Aluminium precipitates 


A white stain caused by an aluminium precipitate can be identified by 
its solubility in both acids and alkalis. It occurs only if an alum hardening 
bath is used. 


Aluminium Sulphite: This is the most common of the alum precipitates 
and its formation can be explained as follows: the usual acid hardening- 
fixing bath consists of a mixture of alum, acetic acid, boric acid, sodium 
sulphite, and hypo. When alkaline developer is carried over by the 
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material, and as soon as the acidity of the bath falls below a certain critical 
value, aluminium sulphite precipitates from the solution and turns the 
bath milky. This forms a white sludge, which settles on the surface of 
the negative or print and is not removed in the wash water. 


If an acid stop bath is not used, only a limited number of negatives or 
prints can be fixed before the critical point is reached and the precipitation 
of the sludge commences. 


In order to prolong the life of the fixing bath and to prevent the forma- 
tion of aluminium sulphite, it is recommended :— 


| That the material be rinsed between developing and fixing so as to 
remove as much developer as possible. ‘Kodak’ Liquid Stop Bath with 
Indicator is highly recommended for this purpose; Kodak formula SB-1 
is also suitable for either negatives or prints. 


2 That the use of developers containing an excessive quantity of alkali 
be avoided. 

3 That one of the following ‘Kodak’ fixers be used—‘Metafix’ Powder, 
‘Unifix’ Powder, AM-33 Rapid Liquid Fixer with AM-33H Liquid 
Hardener, FX-40 X-ray Liquid Fixer with HX-40 X-ray Liquid 
Hardener, ‘Kodafix’ Solution, or a solution made up according to 
Kodak formula F-5, F-6, F-7, F-9, or F-24. 

If the aluminium sulphite sludge still appears after the above pre- 
cautions have been observed then it is likely that the acid hardener was 
not mixed correctly; probably too little acid was added, the acid used 
was not up to strength, or too much sulphite was used. 


Precipitation or scumming may take place on the negative or print 
with a very alkaline developer even when the fixing bath is clear, unless 
a satisfactory rinse is given. This is because precipitation occurs before 
the developer has had time to diffuse away from the emulsion. Agitation 
of the material when it is first immersed in the fixing bath will assist in 
removing the excess of developer from the surface, and so reduce the 
tendency for the precipitation of aluminium sulphite. 


Aluminium Phosphate: This scum, which is very similar to aluminium 
sulphite in its appearance and reactions, is produced when materials 
processed in developers containing simple phosphates are fixed in alum 
fixing baths, particularly when these are nearing exhaustion. The phos- 
phate may be used as an alkali in the developer or may be formed by 
hydrolysis of the polyphosphate calcium sequestering agents. This hydro- 
lysis occurs extremely slowly at 21°C (70°F) but is greatly accelerated 
by high temperatures and strongly alkaline solutions. Whenever a devel- 
oper containing a calcium sequestering agent, such as ‘Kodak’ Anti- 
Calcium, is to be stored for long periods, or at high temperatures, the 
addition is recommended of sodium citrate in the proportion of four parts 
sodium citrate to one part of Anti-Calcium, weight for weight. ‘This 
same proportion of sodium citrate (4:1) should be added to any developer 
which contains a phosphate as its alkali. 


Thorough rinsing between developing and fixing is helpful in reducing 
aluminium phosphate scum. 
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Aluminium Hydroxide: This, like the other alum scums, is soluble in 
alkalis and strong acids. Its formation is a result of a tendency of many 
alum fixing baths, at a critical dilution of about | per cent, to hydrolyze 
and form a sludge of aluminium hydroxide. In the absence of an 
adequate flow of water in the washing tank the alum constituent of the 
carry-over from the fixing bath may tend to precipitate. This sludging 
is avoided when the flow of water is such as to reduce the alum concen- 
tration rapidly. 
Other methods of prevention are :— 


| Thorough draining or squeegeeing of the material after fixing and 
before washing. 


2 Preliminary rinsing prior to washing. This serves to reduce the fixer 
concentration very effectively. 


Removal of Aluminium Deposits: Deposits caused by any of the above 
aluminium salts can generally be removed by the following procedure :— 


| As a precaution in case of damage to the original during handling, 
the best possible photographic copy should first be made. 


2 The material should be soaked and while under water its surface 
swabbed with cotton-wool. 


3 If this fails to remove the deposit, the material should be hardened in 
a solution made up according to Kodak formula SH-1, then, after brief 
washing, bathed in a 2 per cent solution of acetic acid. In more extreme 
cases it may be necessary to use a 2 per cent solution of hydrochloric 
acid. Gentle swabbing in the solution may be used to hasten removal 
of the deposit. 


Calcium sulphite 


This stain is distinguishable from the aluminium precipitates by its 
characteristic of being soluble in dilute acids, but insoluble in alkalis. 
The scum is formed when the calcium salts present in the emulsion or 
in hard water react with the sodium sulphite of the developer to form 
insoluble calcium sulphite. This is deposited as a white scum on the 
material where it frequently simulates a pattern of fingerprints; it is 
usually removed in the acid rinse bath or acid fixing bath. Consequently, 
it is seen on the finished negative or print only if these baths are in- 
sufficiently acid as a result of exhaustion, and if the material is imperfectly 
swabbed prior to drying. This scum is most pronounced with high- 
sulphite weakly alkaline developers such as Kodak D-23 developer. 


Calcium scums and calcium scale which accumulate on tank walls and 
equipment, together with most of the sludge appearing in the solution, 
can be avoided by a prior addition to the developer of Anti-Calcium use 
as indicated on the instructions. Certain proprietary developers—for 
example, Kodak ‘Microdol-X’—are compounded to prevent calcium 
precipitation with moderately hard water, and usually require no further 
modification. 


Removal of Calcium Stains : The use of a suitable acid stop bath such as 
‘Kodak’ Liquid Stop Bath with Indicator, or a solution made up according 
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to Kodak formula SB-4, during processing, will destroy calcium sulphite 
scum which can also be removed by the procedure previously described 
for the removal of aluminium deposits. 


Organic matter 


Fungal, bacterial, and vegetable materials may deposit irregularly on 
the emulsion to form a stubborn scum. While these organisms are 
frequently light coloured or even transparent (gelatinous), and have 
therefore been classified as white stains, they may occasionally be brightly 
coloured owing to absorbed iron or other materials. They grow prin- 
cipally on the walls and inlets of washing vessels from which they become 
disseminated in the water. Slimes are most likely to grow when the 
water is stagnant and warm, as when water is left in washing vessels 
overnight or over a week-end during warm weather. The complete 
draining of the vessels at such times is an excellent preventive measure. 
At intervals the slime can be removed by scrubbing the walls of the 
vessel with hot water and soap or with trisodium phosphate solution. 
If this is followed by a dilute solution of sodium hypochlorite, e.g., 
Domestos or Parazone, subsequent growth of slime will be retarded. The 
vessels must be thoroughly rinsed after these chemical treatments. 


Before the commencement of photographic processing on any day it 
is always desirable to examine the surfaces of the vessels, including the 
washing tanks, and to remove any scum. Although most municipal water 
supplies are filtered to remove foreign matter there is usually opportunity 
for biological and other solid impurities such as iron rust to get into the 
water in the mains and pipes. The use of a water filter is therefore 
recommended. 


The identification of organic matter is frequently difficult. Generally, 
the deposits are very insoluble but may be dispersed slowly in strong 
acids or alkalis. Microscopic examination at high magnification is of 
considerable assistance especially where a staining technique is followed, 
provided the matter is of an integrated nature. Such examination 
requires experience. 


Sludges in a solution can be identified as organic by filtering, washing, 
and noting their tendency to char when heated on a crucible lid or on 
platinum foil. 


Removal of Organic Matter: Organic scums are often very difficult to 
remove. It is sometimes effective to soak the material in water and then 
to swab its surface under water with cotton wool. In more stubborn 
cases it may be necessary to use a wad of cotton-wool soaked in industrial 
spirit to cut the deposit from the surface. 


Opalescence 


This type of stain is usually visible only on negatives or transparencies. 
When thus affected they have the appearance of having been made on an 
opalized base. There are two types of opalescence. 
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Yellowish-White (Sulphur) Opalescence: This is a deposit, consisting of 
finely divided or colloidal sulphur, which is not removable by bleaching 
and re-developing, and is insoluble in water, acid, and sodium carbonate. 
It is caused by sulphurization, a condition in which sulphur is gradually 
precipitated in the fixer and in the emulsion, which occurs for one or 
more of the following reasons :— 


1 An excessive acid-sulphite ratio in the fixing bath. 


2 An excessive fixing-bath temperature. The sulphurization life—the 
time elapsing before precipitation becomes apparent—is relatively short 
at temperatures above 38°C (100°F). The fixer must be renewed at the 
onset of sulphurization. 


3 The use of a formalin hardening bath immediately before fixing. 
The formalin depletes the protecting sulphite, and sulphurization follows 
rapidly. 


Removal of Yellowish-White Opalescence: The film must first be pre- 
hardened in the formalin hardener—Kodak formula SH-1—then immersed 
in a 10 per cent solution of anhydrous sodium sulphite at a temperature of 
38°-50°C (100°-122°F) until the deposit is dissolved, and finally washed 
thoroughly. 


Silvery-White Opalescence: This stain is formed under certain conditions 
when negatives or transparencies are dried by the aid of an alcohol bath. 
The conditions which promote this effect are the use of too concentrated 
an alcohol bath, of impure alcohol, or of too high a drying temperature. 
The effect is apparently caused by precipitation by the alcohol of a 
dehydrated modification of the gelatine. The amount of opalescence 
produced is greater the more rapid the drying and the higher the temp- 
erature of drying. It rarely occurs, even when the material is insufficiently 
fixed and washed, if drying is undertaken at or below 21°C (70°F). 


An opalescence is also produced if a material is immersed in very 
concentrated solutions of certain salts such as hypo or sodium sulphite. 
When a material is fixed in a strong solution of hypo containing an excess 
of acid hardener the fixed material often appears opalescent, especially 
in warm weather, though the opalescence disappears during washing 
or drying when the precipitated gelatine returns to the hydrated 
modification. 


Removal of Silvery-White Opalescence: This can be removed completely 
and easily by re-soaking the material in water and re-drying at normal 
room temperature. 


When alcohol is used for drying negatives or transparencies, opalescence 
rarely occurs if the material is first thoroughly fixed and washed, then 
immersed in a mixture of 70 volumes of alcohol and 30 volumes of water, 
and dried, with or without the aid of a fan, at a temperature not exceeding 
21°C (70°F). Fuller details may be found in Data Sheet PR-11. 
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YELLOW AND BROWN PROCESSING STAINS 
Developer or oxidation stains 


This stain is caused by developer oxidation products which are trans- 
parent, like a yellow or brown dye, and can be either local or general in 
scope. Since printing papers are sensitive chiefly to blue light, which 
is strongly absorbed by yellow, local yellow stain on a negative causes 
the image on the print to be weaker in those spots where the stain is present. 
A general and even yellow stain which covers the entire image area has 
no effect other than to necessitate an increase in the printing exposure. 


Most developing agents such as pyro, hydroquinone, etc., readily 
combine with oxygen, especially in alkaline solution, to form yellow or 
dark-brown oxidation products which stain gelatine just like a dye. 
These oxidation products, however, can be reduced again to a colourless 
condition by substances like sodium sulphite or sodium bisulphite, so 
that if the developer contains a sufficient concentration of sulphites the 
rate of formation of the oxidation stain is slow. When the developer is 
exposed to the air oxidation takes place; the developer turns yellow at a 
rate depending on the temperature, the nature of the developer, and the 
surface area of developer which is exposed. 


Local Developer Stain: Irregularly shaped stains are caused by local 
oxidation of the developer, which may be a result of incomplete immersion 
of the material in the developer or fixing bath or the use of an alkaline 
fixing bath. A slight curl of a film or print, or attempting to process too 
many in one dish, may leave some part of the surface exposed to air. 
Oxidation will then take place and a yellow patch will appear. To prevent 
such stains it is necessary to immerse the films or prints completely in 
the developer and fixing baths. 


A developer oxidizes more rapidly in alkaline than in neutral or acid 
solutions. The acidity of the fixing bath becomes neutralized by the 
carried-over developer which oxidizes and causes stains. When the 
fixing bath froths readily it is probably alkaline and should be discarded. 


An acid rinse bath used between developing and fixing—‘Kodak’ 
Liquid Stop Bath with Indicator, or a solution made up according to 
Kodak formula SB-1—is an almost certain preventive of local developer 
stain. The acid neutralizes the developer alkali in the emulsion before 
it reaches the fixing bath. 


General Developer Stain: Developer stain existing uniformly over the 
entire surface of the emulsion can be caused by old or discoloured 
developer or by the use of a plain alkaline fixing bath. Negatives 
developed in pyro will show a general stain. 

A general yellow stain is produced on prints if development takes 
place in a warm developer or in a dirty dish, if the prints are rinsed for 
too long after developing and before fixing, or ifthe prints are not agitated 
when first immersed in the fixing bath. 


Photographic Elimination of Developer Oxidation Stain: Local yellow 
stains on a negative may be eliminated photographically by super- 
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imposing a deep-yellow filter over the negative and making by contact 
or projection a master positive, from which a duplicate negative can 
subsequently be made. A suitable yellow is the Kodak ‘Wratten’ Filter 
No. 15(G) which is deeper in colour than most yellow stains and which 
is therefore very satisfactory for the elimination of stains, provided that 
they are completely transparent. However, if the stain contains any 
grey deposit the filter cannot eliminate it. If the negative is printed by 
projection, in an enlarger or a copying camera, the filter can be used 
over the lens. 


When making master positives or duplicate negatives care should be 
taken to give sufficient exposure so as to produce full detail in even the 
clearest parts of the image. A good duplicate negative has no clear 
shadow areas. 


It is possible to remove almost any coloured stain from a negative or 
print in a similar manner to that described above, by the choice of suitable 
filters, always provided that the stain in question is transparent. It is 
simply necessary to choose a filter which on visual observation eliminates 
the stain. A panchromatic material should be used normally for making 
duplicate negatives. Master positives may be made on any material 
having a long scale of gradation no matter what its colour sensitivity. 


When the stain contains some grey or black, as in the case of blue- 
black ink stains for example, this method is not completely effective and 
it may be necessary to resort to chemical treatment. 


Chemical Removal of Developer Oxidation Stain: If the oxidation product 
of the developer is treated with an acid solution of potassium perman- 
ganate containing sodium chloride, it is oxidized further to a colourless 
substance, soluble in water, while the silver image is converted to silver 
chloride. The silver chloride image can then be exposed to light and 
developed in a non-staining developer to restore the original silver image. 


In order to remove developer stain by this method the material should 
first be hardened by bathing for two or three minutes in a solution made 
up according to Kodak formula SH-1—Formalin Hardener, and washed 
for five minutes. Failure to undertake this step is likely to allow the 
gelatine to become soft and to frill during the subsequent steps. The 
material should then be bleached in a solution made up according to 
Kodak formula S-6—Stain Remover, rinsed in water and immersed in a 
1 per cent solution of sodium bisulphite to eliminate the brown stain of 
manganese dioxide. After washing for three or four minutes the material 
should be exposed to a strong source of light—sunlight, arc light, or high- 
intensity tungsten—until the white image turns purple. The material 
should then be developed in Kodak D-163 developer (diluted 1 + 3) or in 
some other active, low-sulphite developer. If the bleached image of 
silver chloride is not exposed to strong light before development, the 
image will re-develop slowly and a weak brownish mottled image may 
result. 
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Silver and silver sulphide stains and dichroic fog 


Deposits of silver and silver sulphide which may appear yellow, or 
occasionally red or greenish-brown, by transmitted light, whereas by 
reflected light they may appear grey or metallic, are described as dichroic 
stains. These may occur either on the surface of an emulsion or within 
the image layer, and can be formed either in the developer when this has 
been contaminated by sulphide and silver-halide solvents, or in the fixer 
when unneutralized developer reacts with silver-laden hypo. Silver 
stain may also form in exhausted rinse baths contaminated with hypo. 


Silver (Sulphide) Stain in Developers: Silver stain is formed most readily 
with active, used developers in combination with fine-grain emulsions. 
It consists of silver deposited around silver sulphide nuclei. The sul- 
phide is produced in the developer by aerial or bacterial decomposition 
of the constituents of the gelatine. 


Hypo is a very common contaminant of developers, often being intro- 
duced accidentally by incomplete washing of hangers and equipment. 
It is strongly adsorbed to deposits of gelatine which may adhere to the 
hangers as a result of slight melting of the gelatine film coating during 
drying with excessive heat. 


If tanks are used for long periods of time without cleaning or if they 
are allowed to stand over week-ends in warm rooms, slime will usually 
form on their sides. This slime is an excellent breeding medium for 
sulphide-producing organisms. 

To prevent silver sulphide stain, both contamination and excessive 
aeration of the developer should be avoided, and bacterial growth should 
be prevented by frequent cleaning of tanks. If any sulphide should 
form in the solution it should be precipitated by the addition of 20 grains 
per 80 fluid ounces (0:5 gramme per 1000 cc) of cadmium chloride. 


Silver stain is usually a surface scum which can be removed by swabbing 
the material in the washing water prior to drying. Once dried, however, 
it will yield to mild abrasion (see page 11) or to chemical treatment, such 
as the use of weak silver solvents. Unfortunately, the latter also tend to 
attack the image and destroy fine detail. 


Dichroic Developer Fog: Dichroic fog is closely related to silver stain and 
may be formed with fine-grain emulsions in developers containing silver- 
halide solvents and a trace of sulphide. The sulphide concentrations 
needed to produce fog exceed those necessary to produce the surface 
scum. Dichroic fog may be prevented by the adoption of the same 
measures as those outlined above for the prevention of silver sulphide 
stain. 

A more serious form of dichroic fog can be produced on a negative 
accidentally left overnight in a well-used developer. This deposit is 
usually brown by transmitted light and possesses a coppery lustre by 
reflected light. The shadows are often filled with a deposit so dense 
that it would be impossible to obtain a satisfactory print. There is little 
hope of salvaging such negatives. 
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Silver Stain and Dichroic Fog in the Fixer: Silver stain and dichroic fog 
are frequently formed in the fixing bath, particularly when it is old and 
exhausted, and it contains an excess of dissolved silver and partially spent 
developer. In this case, as the silver halide is slowly dissolved out of 
the emulsion it is reduced to finely divided metallic silver by the developer 
present. It is possible also to suffer dichroic fog when using a fresh 
fixing bath of plain hypo, because the silver salt is re-developed back to 
dichroic silver by the developer carried-over by the material being 
processed. This is so especially if the gelatine coating of the material is 
abnormally thick and if the developing and fixing solutions are warm. 
The fixing bath does not have time to dissolve the silver halide, which 
is reduced to dichroic silver by the developer within the emulsion. 


The formation of dichroic fog in the fixing bath is also promoted by 
the presence of ammonia, so that a fixing bath containing ammonium 
chloride (which is sometimes added to accelerate the rate of fixing) or 
ammonium thiosulphate may produce fog unless the bath is kept acid. 
The fog is formed as a result of the ammonia liberated by the action of 
the alkali in the developer carried-over by the gelatine emulsion, and 
especially if the materials are not agitated while in the fixing bath. 


Dichroic fog can also occur in a fresh and entirely suitable fixing bath 
if two films or prints stick together face-to-face, thus forming local 
pockets containing developer. 


Stencil effects are sometimes produced in the shadow portions of a 
film when another film with dense areas adheres to it in the fixing bath. 
The result is that the film is covered with dichroic fog except in those 
places where it was in contact with the dense areas, where the developer 
is comparatively exhausted. 


Dichroic fog and silver stain may be prevented from forming in the 
fixing bath by thorough rinsing between developing and fixing, especially 
in an acid bath such as ‘Kodak’ Liquid Stop Bath with Indicator or 
Kodak formula SB-1. 


Silver Stains Appearing During Storage: Inadequate fixing, or fixing in 
silver-laden baths, leaves silver compounds in the emulsion which are 
difficult to remove. On exposure to air these compounds subsequently 
decompose to silver sulphide, but as this process is usually slow the stain 
will appear only during storage. Occasionally, however, owing to poor 
washing, the concentration of silver compounds may be very high—as 
when two films stick together—and the stain may then be formed either 
during or soon after the drying period. This stain is largely a fixing 
and washing problem and may be prevented by adequate fixing, the use 
of fresh fixing baths, and reasonably thorough washing. The use of 
‘Kodak’ Hypo-Clearing Agent allows washing times to be greatly reduced. 


Removal of Silver and Silver Sulphide Stains and Dichroic Fog: The 
presence of silver stains can be detected with a cyanide spot test, and 
removed by bathing in a 1 per cent solution of potassium cyanide. 


PR-12 10 


Cyanide is a deadly poison and should be used with the greatest 
of care.* 


A much less toxic bath, which has a preferential action on the stain, 
can be made from ‘Kodak’ AM-33 Rapid Liquid Fixer, ‘Kodak’ AM-33H 
Liquid Hardener and citric acid. This should be made up by mixing 
10 volumes of AM-33 with 30 volumes of water and adding to this 1 
volume of AM-33H. To this should then be added citric acid in the 
proportion of 1} ounces to each 80 fluid ounces (30 grammes per 1000 cc) of 
diluted solution. Only one negative should be treated at a time and it 
should be removed as soon as the stain disappears or if the image is 
attacked. It should then be thoroughly washed and dried in the usual way. 


Silver stains and dichroic fog may be removed from a dry negative by 
mild abrasion. It is possible to remove the surface silver, without 
damaging the emulsion layer, by carefully rubbing the surface with a pad 
of cotton-wool moistened with a small quantity of Bluebell metal polish. 


Yellowish-brown stains from peaty water 


Yellowish-brown stains in the highlights of prints are sometimes caused 
by the presence in the washing water of dissolved extracts from decayed 
vegetable matter. It is difficult to remove such colouring matter from 
the water supply, but filtration through activated charcoal is often effective. 
In many cases the use of a non-hardening fixing bath such as Kodak 
‘Metafix’ Powder, ‘Kodak’ AM-33, or Kodak formula F-24 gives less 
stain; the alum present in many normal acid hardening-fixing baths 
tends to mordant the colouring matter on to the print. However, the 
use of an acid hardening-fixing bath is highly desirable when prints are 
to be glazed, and in this case the prints should be treated, after fixing 
and before washing, with Hypo-Clearing Agent for 30 seconds at room 
temperature. This treatment almost wholly eliminates any tendency to 
stain without affecting the normal glazing characteristics of the prints. 


Removal of Vegetable-Matter Stains: The print stains may be removed 
by the bleaching and re-developing method described on page 8 under 
the heading—Chemical Removal of Developer Oxidation Stain. Alterna- 
tively, the use of a 3 per cent solution of sodium carbonate (anhydrous) 
or a 1 per cent solution of hydrochloric acid may be used. 


Brown rust stains 


Dark-brown stains on films or plates are frequently caused by the 
offsetting of rust from corroded metal. A more or less regular 
pattern of yellow-brown stains is sometimes found on cine film which 
has been wound on to rusty film reels. Rust stain can be identified by 
placing a single drop of a 50 per cent solution of nitric acid on the affected 


* Caution Rubber gloves should always be used by personnel having contact with cyanide. It is 
essential to avoid exposure to its fumesas cyanide reacts with acids to form poisonous hydrogen 
cyanide gas. When discarding a solution containing cyanide, large quantities of water should be 
used to flush it out of the sink quickly. Cyanide solutions should never be used in poorly 
ventilated rooms. 
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portion and then adding a drop of a 5 per cent solution of sodium thio- 
cyanate. A deep-red coloration indicates the presence of iron. 


Removal of Rust Stains: Rust stains can often be removed by soaking 
the film or plate in a 10 per cent solution of potassium oxalate or oxalic 
acid. If this treatment is not successful the material should be washed, 
hardened in Kodak formula SH-1, rinsed, and treated with a 5 per cent 
solution of hydrochloric acid followed by washing. For even more 
stubborn iron stains a mixture should be used, after hardening, of 
2 ounces (50 grammes) of oxalic acid and 1 fluid ounce (25 cc) of concen- 
trated hydrochloric acid in 20 fluid ounces (500 cc) of water. 


Usually the stains can also be removed by the bleaching and re-develop- 
ing method described on page 8. 


Brown surface scum 


When a used developer or fixing bath containing dissolved silver salts 
is allowed to stand for any length of time, hydrogen sulphide in the air 
may react with the silver compound at the surface of the liquid to form 
silver sulphide, which floats as a scum. 


A similar type of scum can be produced by the presence of oil, grease 
or paint on the surface of the processing solution, and such scums may 
be picked up when the material is immersed or withdrawn from the 
solution. 


Under a microscope this scum has a peculiar appearance; it is char- 
acterized by a series of cracks or fissures which are formed when the 
scum is broken up on immersion of the material into the tank. 


The most effective means of preventing brown scum markings on film 
is to skim the surface of both developer and fixing bath each morning 
with the edge of a sheet of blotting paper or with a skimmer made by 
stretching several layers of muslin over a wire frame. 


Removal of Scums: Surface scum can usually be removed from a material 
before it is dried by swabbing with a wet sponge or with cotton-wool. 
A similar treatment is usually effective with a dried negative after it has 
been soaked in water. If the scum has retarded development, however, 
a scum pattern will show in the silver image. 


Stubborn scums not caused by silver sulphide can frequently be 
removed by the bleaching and re-developing method described on page 
8. Silver sulphide scum can usually be removed by rubbing the surface 
of the material with cotton-wool soaked in industrial spirit. Another 
treatment is the bathing of the material in a 1 per cent solution of 
potassium cyanide (a deadly poison—see footnote on page 11), but this 
also attacks the silver image and the material should therefore be removed 
and washed thoroughly as soon as any reduction occurs. 
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MISCELLANEOUS PROCESSING STAINS 


Apart from the white and yellow-to-brown stains previously mentioned, 
stains of other colours may appear occasionally, especially subsequent to 
any after-treatment such as toning, intensifying or reducing. Because of 
the great variety of such processes a comprehensive description of all 
stains is not possible. However, a number of the more common of these 
stains are mentioned below. 


Bluish-green stains 


A general bluish-green stain is frequently caused, especially with 
certain grades of matt-surface paper, by an exhausted chrome alum rinse 
bath or fixing bath used at a high temperature. The use of a potassium 
alum fixing bath such as Kodak ‘Unifix’ Powder or Kodak formula F-5, 
is recommended. There is no known way of removing this stain. 


Dye and ink stains 


During recent years, dyes have come into extensive use for sensitizing 
emulsions, for anti-halation backings, and for “internal” filters, such as 
in duplicate-negative emulsions. Stains are occasionally encountered as 
a result of some of the dye remaining locally in a material after processing. 
The dyes used for such purposes are mostly water-soluble and are usually 
discharged from the film in an alkaline solution, such as a developer. 
If traces of the dye are retained by the film, the colour sometimes returns. 
A residual pink or blue colour in a processed panchromatic negative is 
caused by traces of the sensitizing dye remaining in the gelatine layer. 
Traces of anti-halation dye sometimes remain in films after processing 
and may give rise to a peculiar mottled appearance. Desensitizing dyes 
occasionally leave stains in films or plates. Such stains are usually 
harmless photographically, since they generally do not absorb the printing 
light. Stains from other dyes, indelible pencils, or red or black writing 
inks usually absorb some printing light and need to be removed photo- 
graphically or chemically. 

Most dye and ink stains can be removed photographically or by bleach- 
ing and re-developing as described on page 8. 

Sensitizing-dye stains can also be removed by treatment with a solution 
containing 40 grains (1 gramme) of sodium nitrite and 1 fluid ounce (12 
cc) of concentrated hydrochloric acid per 80 fluid ounces (1000 cc), or by 
exposing the processed material to a strong light, such as sunlight. 

Anti-halation-dye residues can usually be removed by bathing in a 
10 per cent solution of sodium sulphite. The film should then be 
washed thoroughly. 

If a slight yellow stain remains after treating dyes or inks chemically, 
it can usually be removed by bathing in a 2 per cent solution of oxalic 
acid, followed by washing. In the case of some samples of red ink, a 
slight trace of stain remains after the chemical treatment, but this can be 
removed photographically. 


Yellow silver-sulphide stain from Farmer’s reducer 


When negatives or prints are treated with a ferricyanide-hypo reducer 
such as Kodak formula R-4a, a yellow stain remains if an attempt is made 
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to reduce the dense portion of the image completely. This stain, which 
consists of silver sulphide formed during the original processing, may 
be prevented by the addition of potassium iodide to the fixing bath— 
1 per cent is usually sufficient. Ifa quantity of iodide in excess of this 
is added, trouble from slow or incomplete fixing is likely to result. If 
the rate of fixing is greatly reduced, the negative should be immersed 
in a second fixing bath of a 30 per cent hypo solution. 


Methods for removing silver sulphide stains are described on page 10. 


Brownish-red intensification stains 


When a mercury intensifier such as Kodak formula IN-1 is used, 
brownish red stains may be formed as a result of insufficient washing 
after the negatives have been bathed in either formula SH-1 Formalin 
Hardener or the mercuric chloride bleaching bath. Such stains can be 
prevented by washing for at least 30 minutes between hardening and 
bleaching, and between bleaching and re-developing. After hardening, 
an acid rinse bath will reduce the amount of washing necessary. 


When a chromium intensifier such as Kodak formula IN-4 is used 
the re-developer should contain a minimum quantity of sodium sulphite, 
to avoid the tendency to dissolve the silver chloride image and, on re- 
development, to produce warm-black to reddish-brown images. 

With any method of intensification it is very important to treat each 
film individually; there should be no more than one film in the dish 
at a time. 

Brownish-red intensification stains can usually be removed by bleach- 
ing and re-developing as described on page 8. 


Blue and brown iron stains 


Blue iron stains, which occur on paper prints after treatment with 
solutions containing ferrocyanide and ferricyanide, consist of Prussian 
Blue, formed by the reaction of the ferrocyanide and ferricyanide with 
an iron salt which may be present in some of the chemicals. Particles 
of iron rust may also be present in the washing water or in the processing 
dishes. 

Brown iron stains may appear when Farmer’s reducer is used if the 
material or the water contains iron, or if the reducer is not freshly mixed 
and has begun to sludge. 

Both blue and brown iron stains can usually be removed by immersing 
the negative or print in a 10 per cent solution of potassium oxalate, 
agitating until the stain disappears, and then washing thoroughly. 


The formulae of D-23 and D-163 may be found in Data Sheet FY-2; 
of SB-1, SB-4, F-5, F-6, F-7, F-9, F-24, and SH-1 in Data Sheet FY-4; 
of R-4a, IN-1, and IN-4 in Data Sheet FY-5; and of S-6 in Data Sheet 
FY-7. 


Kodak and product names quoted thus—‘Metafix’—are trade marks 
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PROCESSING PRINCIPLES AND TECHNIQUES 


WHEN a film or plate is exposed in a camera there is no visible effect, but 
there is some invisible change producing what is known as a “latent 
image”. In order to obtain a visible and usable image, the exposed 
material must be treated in a developer which can convert the invisible 
latent image into a visible image consisting of metallic silver. 

After development, the emulsion of the sensitized material contains 
sensitive silver halides which were not used in producing the silver image, 
and these will darken on long exposure to light and will obscure the image. 
In order to make the image permanent, therefore, the emulsion is fixed in a 
solution which removes the undeveloped and unwanted silver halides, but 
does not affect the silver image. 

After fixing, the emulsion must be washed thoroughly to remove the 
chemicals used in, or formed during, developing and fixing. If this were 
not done the image would deteriorate and, in time, become thoroughly 
unusable. 





PRINCIPLES OF PROCESSING 
Development 


A photographic material consists of a mechanical support, such as film, 
glass, or paper, on which is coated a light-sensitive emulsion consisting of 
minute crystals of silver halide—usually bromide, chloride, or both— 
suspended in gelatine. When the exposed material is immersed in 
developer the unexposed crystals are not affected, while the latent image 
activates the developer so that it acts on the exposed crystals, freeing the 
silver from its compound and depositing it as tiny irregular grains of 
metallic silver. The conglomeration of these minute grains forms the 
black silver image. 


Composition of the Developer: There are many different formulae for 
developer solutions, but most contain four essential constituents, the 
developing agent, the accelerator, the preservative, and the restrainer. 

The developing agent reduces the silver from its compound to form 
the image. The most important agents, which may be used singly or in 
combination, are ‘Elon’ Developing Agent and hydroquinone. An 
alkali, such as sodium carbonate, borax, ‘Kodalk’ Balanced Alkali or 
sodium or potassium hydroxide, is added as the accelerator to make the 
developing agent become sufficiently active. The preservative, sodium 
sulphite, is necessary to minimise the effect of aerial oxidation of the 
developing agent, and tends to maintain the solution colourless during 
mixing and storing. Many formulae also require a small quantity of 
potassium bromide to restrain the developer from acting on the unexposed 
silver halide crystals, and thereby producing a general fog. In addition to 
these main constituents, developer solutions often contain small quantities 
of other substances such as sodium bisulphite, sodium sulphate, alcohol, 
etc., added for special purposes. 
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Factors Affecting Degree of Development: The density obtained in a 
developed image depends on the nature of the emulsion, the exposure that 
it has received, and the degree of development. With any particular 
emulsion, the degree of development depends on the time of development, 
the temperature of the developer, the degree of agitation of the material or 
developer solution, and the activity of the developer which is determined 
by the composition, dilution, and the degree of exhaustion, of the solution. 


When the exposed material is placed in the developer, the solution 
penetrates the emulsion and begins to reduce the exposed crystals to 
metallic silver. The longer the development is carried on the more silver 
is formed, and the blacker or denser the image becomes. The contrast, 
or the density difference between highlights and shadows, also increases. 
It is usually measured by the gradient or slope of the straight-line portion 
of the characteristic curve of the material, and is normally referred to as 
gamma (y). Further information concerning the characteristic curve 
may be found in Data Sheet SE-1. 


If development is carried too far the density may become too high and 
the developer may begin to act on the unexposed silver halide crystals; 
this shows itself as “‘developer fog’? which tends to veil detail in the 
shadows. Development should be stopped when the desired gamma or 
gradient has been reached, and since this may vary in different cases, time- 
gamma curves are usually given, so that a suitable development time can be 
selected for each particular circumstance. 


The rate of development is affected by the temperature of the solution. 
Thus, when the developer temperature is low, the reaction is slow, and the 
developing time recommended for the normal temperature would produce 
an under-developed image; conversely, when the temperature is high, the 
reaction is fast, and the same time would produce over-development. 
Within certain limits, these changes in the development rate can be com- 
pensated for by increasing or decreasing the developing time. 


Besides these changes in development rate, there are other important 
effects dependent upon the temperature. At high temperatures, the 
gelatine of the emulsion becomes so swollen and tender that it may be 
easily damaged; it may even loosen from its support or wrinkle into the 
fine network of lines called reticulation. The temperature of the devel- 
oper, and other solutions, must be kept sufficiently low to avoid such 
damage. When it is necessary to work at high temperatures—tempera- 
tures above 75°F (24°C)—special precautions should be taken, as described 
in Data Booklet GN-5. 


If an exposed photographic material is immersed in a developer and 
allowed to develop without any agitation, the action soon slows down 
because the developing power of the solution in the emulsion, and the 
solution in contact with its surface, become exhausted. If the material 
or the solution is agitated, however, fresh solution is continually being 
brought to the emulsion surface and the development rate is maintained 
constant. An even more important effect of agitation is the prevention of 
an uneven development, or mottle; if there is no agitation the exhausted 
solution loaded with halides from the emulsion may flow slowly across the 
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emulsion from the dense highlight areas and produce uneven streaks. 
Agitation keeps the solution uniform throughout, and prevents this un- 
evenness. 


Since the degree of agitation affects the development rate, the bald 
statement of a developing time would mean little if the degree of agitation 
were not included. The developing times quoted by Kodak Limited are 
normally given for continuous agitation or intermittent agitation. Inter- 
mittent agitation may be described as agitation upon immersion and, 
thereafter, thorough but brief agitation at one-minute intervals, in the 
case of sheet film and plates, or half-minute intervals for miniature and 
roll films. 


The rate of development is affected also by the chemical activity of the 
developing solution. This depends upon the composition of the formula 
and the recommended degree of dilution. In addition, the degree of 
exhaustion of the developer is a contributory factor. When a developer 
is used, its developing power decreases, partly because of the using of the 
developing agent in converting the silver halide to metallic silver, but 
primarily because of the progressively restraining effect of the accumu- 
lated reaction products of development. Even when a developer is not 
being used, its activity may decrease slowly because of aerial oxidation of 
the developing agent. After limited use in a small tank, a developer 
solution can usually be poured into a bottle for subsequent use; larger 
tanks are usually left filled, preferably with a floating cover to protect the 
developer from aerial oxidation. 


Replenishers: The decrease in developer activity can be partially over- 
come by increasing the developing time, but when large quantities of 
solution are involved, it is preferable to compensate for this effect by the 
periodic addition of small quantities of replenisher solution. These 
replenishers are of such strength that when they are used to replace the 
developer carried out by the developed sensitized material, the developer 
activity is held approximately constant. It is not desirable, however, 
to attempt to prolong the life of the developer indefinitely; limits are 
given for all the replenisher solutions normally recommended. 


Stop baths 

The primary purpose of a stop bath, or acid rinse bath, between 
developing and fixing, is to check development instantly by neutralising 
the alkali in the developer carried over. Such a bath also minimises the 
formation of dichroic fog, removes calcium scums which may have formed 
in the developer, and, by producing an acid condition in the material, 
preserves the acidity and hardening power of the subsequent fixing bath, 
and tends to prevent the formation of alum scums and sludges. 

The use of an indicator type of stop bath, such as ‘Kodak’ Liquid Stop 
Bath with Indicator, is very convenient, as its colour changes during use 
and it can very easily be seen when it has become exhausted. 


Fixing 
After developing is completed, the undeveloped silver halide crystals 
remaining in the emulsion must be removed in order to prevent them from 
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darkening and obscuring the image. Fixing is accomplished by treating 
the emulsion in a solution of sodium thiosulphate (hypo), which forms a 
soluble compound with the unused silver halide, but has practically no 
effect on the silver image, under normal conditions of use. 


In addition to the hypo, many recommended fixing formulae and pro- 
prietary fixers contain an acid, such as acetic acid, a preservative, usually 
sodium sulphite, and a hardening agent such as potassium alum. The 
acid is added to neutralise any developer carried over by the developed 
material; thus it stops development, if this has not already been done by a 
stop bath, and prevents any developer from causing trouble in the fixing 
bath. The preservative is necessary to prevent the hypo from being 
decomposed by the acid, while the hardening agent is added to harden the 
gelatine of the emulsion in order to prevent any excessive swelling, or 
softening, in the subsequent process of washing, particularly under warm 
conditions. 


As the fixing bath is used, developer carried over by the developed 
material gradually neutralises the acid, and finally produces a sludge of 
aluminium sulphite which renders the bath useless. If boric acid is added 
to a fixing bath of this type, the quantity of developer that can be added 
before the sludge appears is considerably increased, and the useful life of 
the fixing bath is lengthened. 


Fixing Time. All silver halide emulsions are opalescent because of the 
halides suspended in them. As the fixer dissolves the undeveloped silver 
halides, the emulsion becomes clear, and the clearing time provides the 
basis for deciding the fixing time. The halides are dissolved to form 
complex silver compounds but, when the emulsion is just clear, some of 
these may still be insoluble in water and may not wash out. Therefore, 
it is necessary to treat the emulsion long enough to ensure that the re- 
maining insoluble compounds are rendered soluble. In general, this can 
be done by allowing the material to remain immersed in the fixer for 
twice the time taken for the emulsion apparently to clear. Longer 
treatment does not make the removal of the complex silver compounds 
any easier; in the case of papers, it may actually make their removal 
more difficult. Fixers which contain ammonium thiosulphate, such as 
‘Kodak’ AM-33 Rapid Liquid Fixer, are currently gaining popularity 
because of the greatly reduced fixing times which they allow. Many of 
the proprietary liquid fixers for which rapid fixing is claimed are of 
this type. 


The bath must fix the whole area of the emulsion and this cannot be done 
if several films or prints are piled together; all materials should be kept well 
separated, and the fixing bath should be agitated. 


As a fixing bath is used, the silver compounds accumulate in the solution; 
the bath becomes slower in action and has more difficulty in removing the 
last trace of silver salt from the emulsion. Ifa bath is kept in use for too 
long it will lose its ability to remove all of the unused silver halides, and 
although these will not be visible, they will not be washed out of the 
emulsion during washing as they were not rendered soluble. In time they 
will decompose and stain the negative or print. 
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In order to ensure complete and thorough fixing it is recommended that 
two baths be used; detailed instructions are given in the Data Sheets on 
individual sensitized materials (Sections FM, PL, and PP). 


Washing 


After all the undeveloped silver halide has been removed, the emulsion 
remains saturated with the chemicals of the fixing bath, and if these are 
not removed by washing they will slowly decompose and attack the image, 
causing it to become discoloured or faded. 


Time for Complete Washing : Only exact experimental measurements can 
show how soon a particular vessel and stream of water will wash a specific 
film, plate, or paper. Complete washing is obtained in the minimum time 
when the emulsion surface is exposed to a rapid flow of fresh water, and 
this time is influenced by the condition and composition of the fixing bath, 
the design of the washing apparatus, and the temperature of the washing 
water. The washing efficiency decreases rapidly with decreasing tempera- 
ture, and is very low at temperatures below 60° F (16° C). 


Hypo is generally eliminated from most negative materials in 20 to 30 
minutes if the rate of flow of water is rapid enough to replace completely 
the water in the washing vessel once every five minutes. Paper prints 
should be washed for one or two hours under these conditions to ensure 
a satisfactory freedom from hypo, but no simple washing process, however 
long, can completely rid the paper of the chemicals adsorbed on to the 
fibres of the paper base. If it is required to keep negatives or prints for 
a great length of time, a hypo eliminator, such as ‘Kodak’ Hypo-Clearing 
Agent, or a solution made up according to Kodak formula HE-1 (see 
Data Sheet FY-4), should be used. 


Full recommendations for the storage of photographic records, negatives 
and prints, are given in Data Sheet RF-6. 


TECHNIQUE OF PROCESSING 
Films and plates 


Tank development by the time-and-temperature method, and with 
intermittent agitation, is usually recommended for all films and plates. 
The use of a tank allows the production of clean, evenly developed, 
negatives and permits more accurate control of the development factors 
than is possible otherwise. However, in certain cases, particularly for 
some sheet films and plates, the development rate is so high that the most 
convenient method of development is in a dish, with continuous agitation ; 
solutions used in this fashion should be discarded after use. 


Developing Times: The actual recommended developing times appear in 
the Data Sheets on specific individual products (see Sections FM, PL, and 
FM). In each case the times are chosen to give the most suitable contrast 
for the types of work for which the material is most generally used; the 
times should be modified for other degrees of development. 
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The recommended developing times for films and plates are usually 
given for a temperature of 68°F (20°C). When it is necessary to work at 
other temperatures within the range 60° to 75°F (15:5° to 24°C), times can 
be assessed from the time-temperature curves given for each material— 
unless it is essential that it be developed at a specific temperature. How- 
ever, best results are obtained at between 65° and 75°F (18° and 24°C). 


The use of a replenisher to replace the developer carried out by the 
material automatically compensates for the loss of strength of the devel- 
oper, as the quantity of replenisher is proportional to the amount of material 
developed. However, this carry-over varies with the processing condi- 
tions, and replenishment rates have been calculated to allow for average 
conditions. If, after replenishment, the developer seems to have lost 
strength, more replenisher should be added, even though it is necessary 
to discard some developer. If the developer has gained in strength from 
replenishment, less replenisher should be added, and sufficient ordinary 
developer added to keep up the volume. 


With some developers, replenishment works satisfactorily with com- 
paratively small volumes, provided that a close watch is kept on the 
developer activity in terms of negative quality, and that the quantity of 
replenisher added is adjusted to keep the activity constant. Because the 
quantity of developer carried over with each film or plate may vary, par- 
ticularly when the developer is used in a small tank and poured back into a 
storage bottle, it may be desirable to add a certain measured quantity of 
replenisher for each film or plate. The addition of 1 ounce of replenisher 
for every 8 x 10 inch (13 cc for every 13 x 18 centimetre) film or plate, or 
equivalent, is suggested. 


It is impracticable, however, to exhaust and replenish a developer 
indefinitely because the solution accumulates a silver sludge, as well as 
particles of dirt or gelatine which may adhere to the surface of the material 
during development. The developed material should be examined care- 
fully and the developer discarded if it shows any indication of giving stain 
or fog, or if the activity shows much tendency to vary. 


Fixing Times: Times are not normally given for this operation as the 
recommendation of twice the clearing time has been found to be very 
reliable in practice, and it compensates for the gradual falling off in 
activity of the fixing bath. 


Washing Times: The times recommended in the individual Data Sheets 
are, unless otherwise stated, calculated to give a reasonable degree of 
permanence, within the meaning of the term commercial permanence. 
The times will vary both with the material and with the normal use to 
which it is put. When it is known that a material will be required for use 
immediately, and will then be discarded or destroyed, very much shorter 
times can safely be given. Where, however, a question of long-term or 
archival permanence is concerned, reference should be made to Data 
Sheet RF-6. 


Rapid Processing: In some circumstances, such as press and race-finish 
recording work, it is necessary to develop a negative as quickly as possible 
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and perhaps to obtain prints for immediate reproduction or examination. 
The times normally used in processing films and plates can be very con- 
siderably reduced by the use of ‘Kodak’ Quick-Finish Packed Chemicals. 
Total processing times of the order of 100 seconds, or less, can be achieved, 
and specific recommendations for the use of these chemicals are included 
in the Data Sheets describing those materials most suitable to this tech- 
nique. However, there is no reason why all materials should not be 
processed in this manner when an emergency exists; developing and 
clearing times should be found by trial. 


Occasionally, the negatives processed thus are used in their wet state to 
provide prints. Ifthe negatives are then required to be kept, they should 
be properly re-fixed in a normal fixing bath, and washed according to the 
recommendations for the particular material. 


Papers 


The correct processing of papers is vital to print quality, and is best 
achieved by following the manufacturer’s recommendations. Excellent 
prints are possible only when the printing exposure is such that the desired 
print density is obtained in approximately the recommended development 
time. A common cause of muddy-looking prints is under-development; 
there is a tendency to pull out a too rapidly darkening print before 
development is completed, but the resultant image is poor in tone and 
quality, and often mottled from uneven development. Over-develop- 
ment or long immersion in an overworked solution is likely to cause a 
yellow stain, owing to developer oxidation products. 


The developing dish used should be somewhat larger than the print, 
to allow proper agitation and convenience in handling. The exposed 
print should be slipped edgeways, and emulsion side upwards, into the 
developer solution so that it is covered quickly and evenly. During 
development, the solution should be agitated by rocking the dish or by 
keeping the prints in motion. They should be kept completely immersed 
during development. 

After development, the prints should be transferred to the rinse and 
fixing baths quickly, without any intermediate examination. Detailed 
recommendations for the principal types of papers are indicated in the 
Data Sheets in Section PP. 


Toning : The range of colours obtainable by direct development is not 
very great, and it is usually easier and more reliable to produce required 
modifications of colour by toning—the converting of part of the silver 
image into a coloured inorganic compound—or for more pronounced 
tones by the replacing of the image with inorganic salts. 

A shade of brown is suitable for many subjects, and the principal 
methods of producing pleasing brown tones include (1) the formation of 
silver sulphide or silver selenide by direct combination of the silver image 
with sulphur or selenium compounds; (2) the production of silver 
sulphide indirectly by oxidation of the silver bromide, which is then con- 
verted to silver sulphide; (3) the deposition of metals, or metals and silver 
sulphide, on the silver image. 
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Toning processes are chemical in nature and directly change the visual 
contrast and density of the image. In addition, the choice of paper type, 
grade, surface, and base tint, and variations in developing, fixing, and 
washing, all influence the final image tone, and to ensure the best quality 
all these factors must be considered, and where necessary adjusted, prior 
to toning. 


In many cases, prints to be toned require changes in initial exposure to 
compensate for the toning effects. Poor quality cannot be disguised by 
toning; a full scale of values with sufficient detail in the highlights and 
shadows is necessary. The usual manipulations undertaken in enlarging 
or printing, such as dodging, flashing, local or over-all reduction of the 
print, should all be performed prior to toning, since the toned image is 
not usually amenable to such after-treatment. 


A range of paper emulsions with all their different varieties of contrast, 
speed, surface, base tints, and subsequent image tones, are all affected 
differently by various toners, and may produce somewhat different toning 
rates and final image colours. It is difficult to predict results of toning 
with any degree of certainty, but in general, papers can be classified into 
groups with related emulsion characteristics, and the members within each 
group will exhibit somewhat similar toning characteristics. 

Some experimenting may be necessary to obtain the exact tone required 
for any particular purpose. 

In general, images of silver sulphide or silver selenide are quite stable on 
storage and are not appreciably affected by light, moisture, or atmospheric 
gases such as hydrogen sulphide. Similarly, gold-toned images, on which 
the silver grains are plated with a thin coating of metallic gold, are very 
permanent. However, images toned with iron ferricyanide are much less 
stable, since part of the image consists of silver ferrocyanide, which is 
affected by hydrogen sulphide present in the atmosphere. Such images 
eventually acquire a metallic sheen. 


Toning formulae are given in Data Sheet FY-6. 


Kodak, Elon, and Kodalk are trade marks 
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COLOUR FILMS PROCESSED AS MONOCHROME 





WHEN developed and fixed as monochrome films, accidentally or other- 
wise, most colour films exhibit an over-all stain together with the silver 
image formed by the developer. 

In the case of ‘Kodachrome’ films, the stain can be removed completely, 
thus enabling satisfactory monochrome prints to be made. With ‘Ekta- 
chrome’ films, the stain can be partially removed, and reasonable prints 
can be made in most cases. ‘Ektacolor’ or ‘Kodacolor’ films processed 
as monochrome films can be converted to colour negatives from which 
reasonably satisfactory colour prints can be obtained. 


“EKTACHROME’ OR ‘KODACHROME?’ FILMS 


Printing without stain removal 


Contact prints or moderate enlargements from untreated transparencies 
can usually be made satisfactorily on to fast enlarging papers, or a duplicate 
negative can be made. For valuable transparencies or for those which 
are under-exposed and appear very thin, it may be worth attempting to 
make prints from the untreated negative, as there is a danger that some of 
the silver image may be removed during any attempt to remove the stain. 
However, this procedure is hampered by the excessively long printing 
times, caused by the yellow stain on the colour film acting as a safelight 
to the printing paper. This inconvenience may be eliminated by the use 
of a panchromatic paper, such as Kodak ‘Panalure’ Paper (see Data Sheet 
PP-13), which will allow the printing times to be reduced substantially. 


Removing stain 


The most suitable solution for removing stain from reversal colour 
films is a bleaching bath prepared by the addition of citric acid to ‘Kodak’ 
AM-33 Rapid Liquid Fixer and AM-33H Liquid Hardener. This 
should be made up by mixing 10 volumes of AM-33 with 30 volumes of 
water and adding to this 1 volume of AM-33H. To this should then be 
added citric acid in the proportion of 14 ounces per 80 fluid ounces (30 
grammes per 1000 cc) of diluted solution. 

The film should be immersed for one minute in a bath of Kodak 
‘Photo-Flo’ solution, at the dilution recommended, rinsed briefly in 
running water and immersed in the bleaching bath. Only one film 
at a time should be treated, and it should be left in the bath only long 
enough to bleach out the stain. It is generally preferable to leave some 
stain in the film rather than to risk the loss of image detail. As with 
‘Ektachrome’ films the stain cannot be removed completely, it is advisable 
to make a test on an unimportant part of the film to determine the time at 
which the shadow detail begins to be attacked. A little less than this 
time should then be given for the important part of the film. The time 
required may vary between 5 and 20 minutes, and adequate agitation must 
be given to ensure a uniform result. 

After the bleaching bath the film should be thoroughly washed, rinsed 
in the bath of ‘Photo-Flo’ solution, and dried. 


Issue A Kodak Data Sheet 
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COLOUR FILMS PROCESSED AS MONOCHROME 


Amendment to Data Sheet PR-14 - Issue A ind 

Page 1 - Removing stain our 
The treatment described in this section will not work with High- 
‘Ektachrome’ Films (Improved Type). Full details of the treat- ; it 

ment necessary to remove stain from these films may be obtained by ‘ise 
applying to the Sales Service Department of Kodak Limited at Kings- ing 
way, London, W.C.2. The existing treatment is still suitable for other lly 
‘Ektachrome’ films, and for ‘Kodachrome’ films, however. of 
tes 


2 Wash in water for 15 minutes. 
3 Treat in ‘Kodak’ Bleach Chemicals, Process C-22, for 8 minutes at 
23°-25°C (73°-77°F). 

4 Wash the film in water for 15 minutes and then expose both sides to 
light from a Photoflood lamp for about 20 seconds (this is desirable even 
though the preceding steps have been undertaken in normal room lighting). 


5 Re-develop ‘Ektacolor’ Film for 14 minutes, or ‘Kodacolor’ Film for 
12 minutes, at 24°C (75°F) in ‘Kodak’ Developer Chemicals, Process C-22. 


6 Complete the processing in ‘Kodak’ Colour Film Processing Chemicals, 
Process C-22, as for a normal ‘Ektacolor’ or ‘Kodacolor’ film. 


If a roll of ‘Kodacolor’ film was developed in a well-replenished tank 
of monochrome-film developer (such as is commonly used by photo- 
finishers), there may have been some physical development in the yellow- 
filter layer. This will produce a positive image, so that monochrome 
prints made from the film may give the appearance of a solarized or even 
a negative image. In such cases, the treatment should be as follows :— 


I 
; As steps I, 2, 3, and 4 above. 


4 


5 Develop the film for 20 minutes at 24°C (75°F) in a solution of ‘Kodak’ 
Developer Chemicals, Process C-22 to which hydroxylamine hydro- 
chloride has been added in the proportion of 70 grains per 80 fluid ounces 
(2 grammes per 1000 cc) of solution. 


6 As step 6 above. 


Provided that the film has no serious exposure faults, it should be 
possible to make colour prints of fair quality from the converted negatives. 
Prints of a quality equal to those from correctly processed colour negatives 
cannot be expected, but the results may be considered worthwhile when 
tetakes are difficult or impossible. At least it should be possible to 
obtain good-quality monochrome prints from the converted negatives, 
even when this was not possible before. 


Product names quoted thus—‘Kodak’—are trade marks 
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FORMULARY : 
INDEX AND GENERAL INFORMATION 





INDEX TO FORMULARY 


Kodak formulae are published in six Data Sheets, the contents of which 
are indexed below. A list of constituent chemicals marketed by Kodak 
Limited is included. Ready compounded chemical preparations, in 
powder and liquid form, are listed at the end of each relevant Data Sheet. 


DEVELOPER FORMULAE—DATA SHEET FY-2 


Issue F 


Buffered-borax, negative 
Cine-positive, normal tank 
‘Dolmi’ 

‘Elon’ 

‘Elon’-free, for ‘Velox’ paper 
‘Elon’-hydroquinone 
‘Elon’-hydroquinone-‘Kodalk’ 
Extra fine grain 

Fine-grain 

High-contrast negative 
Maximum-contrast 
Maximum-Resolution plate 
Negative 

Replenisher for D-16 
Replenisher for D-19 
Replenisher for D-19b 
Replenisher for D-23 and D-25 
Replenisher for DK-50 
Replenisher for D-61la 
Replenisher for D-76 
Replenisher for D-96 
Reversal developers 


Tanning 

Tropical 

Tropical, for papers 
‘Velox’ paper 


Formula 
D-76d 
D-16 
D-170 
D-165 
D-173 
D-163 
DK-50 
D-25 
D-23, D-76, D-96 4,5, 
D-11, D-19, D-19b 1, 3, 
D-8 

D-178 

D-6la 

D-16R 

D-19R 

D-19bR 

D-25R 

DK-50R 

D-61aR 

D-76R 

D-96R 

D-8 (modified), 

D-19b (modified) See FY-3 
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eo 


DANN PW WH NO FY WD B PB ~TIO OO WON A 


D-175 9 
DK-15 2 
DA-163 8 
D-158 7 


Kodak Data Sheet 
FY-1 


REVERSAL PROCESSING PROCEDURES AND FORMULAE— 


DATA SHEET FY-3 


Formula 


Reversal of ‘Panatomic-X’ Miniature Film — 


Reversal of high-contrast plates 

Reversal of M-R plates 

Reversal of ‘Kodalith’ materials 

Bleach and clearing baths 

First developer for high-contrast plates 

Second developer for high-contrast plates 
plates and ‘Kodalith’ materials 

Second developer for ‘Kodalith’ materials 

First and second developer for 
M-R plates 

First developer for ‘Panatomic-X’ 
Miniature Film 

Second developer for ‘Panatomic-X’ 
Miniature Film 

Etch-bleach bath for ‘Kodalith’ 
materials 

Acid hardening-fixing bath 

Formalin hardener 

Farmer’s reducer 

Stop bath for ‘Kodalith’ materials 


R-21 


D-19b (modified) 
D-19b 


EB-2 
F-5 
SH-1 
R-4a 
SB-la 


STOP, HARDENING, AND FIXING BATH FORMULAE— 


DATA SHEET FY-4 


Acid, non-hardening fixing bath 

Acid hardening-fixing bath 

Fixing bath 

Formalin hardener 

Hardener stock solution 

Hardening stop bath 

Hardening stop bath, tropical 

Hypo eliminator 

Hypo test solution 

Rapid fixing baths 

Residual silver test solution 

Stop baths for general use—for papers 
—for films and 

plates 
Stop bath, for photomechanical materials 


Formula 
F-24 
F-5 
F-6 
SH-1 
F-5a 
SB-3 
SB-4 
HE-1 
HT-2 
F-7, F-9 
ST-1 
SB-1 


SB-5 
SB-la 


REDUCER, INTENSIFIER, AND BLEACH FORMULAE— 


FY-I 


DATA SHEET FY-5 


Etch-bleach baths 

Gelatine adhesive 

Intensifier, chromium 
Intensifier, mercury 

Intensifier, quinone-thiosulphate 
Intensifier, silver 

Reducer, Farmer’s 

Reducer, Farmer’s, two-solution 
Reducer, iodine, for prints 


Formula 


EB-3, EB-4 


IN-4 
IN-1 
IN-6 
IN-5 
R-4a 
R-4b 
R-23 
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Formula Page 


Reducer, modified Belitzsky R-8 3 
Reducer, non-staining R-14 4 
Reducer, permanganate R-2 2 
Reducer, persulphate R-1 2 
Reducer, proportional R-5 3 
Silver eradicator, for prints R-25 5 


TONING FORMULAE—DATA SHEET FY-6 


Formula Page 
Gold protective solution GP-1 3 
Tron T-11 1 
Selenium T-55 2 
Sulphide-selenium T-56 2 
Sulphide sepia T-52 2 


CLEANER AND STAIN-REMOVER FORMULAE—DATA SHEET FY-7 


Formula Page 
Cleaner for hangers and clips _ 3 
Cleaner for vertical tanks _ 3 
Dish cleaner TC-1 1 
Dish cleaner and hand-stain remover TC-3 1 
Silver-stain remover S-10 2 
Stain remover S-6 2 


MAKING-UP SOLUTIONS 


When developers are made up, it is essential to dissolve the constituents 
in the order given in the formula if undesirable reactions are to be avoided. 
For instance, if the developing agent is dissolved first, and then the alkali 
is added, considerable aerial oxidation and formation of coloured oxidation 
products may occur before the preservative, sodium sulphite, is dissolved. 
However, in the case of formulae containing the developing agent ‘Elon’, 
the ‘Elon’ should be dissolved first, since it is readily soluble in warm water, 
but only slightly soluble in sulphite solutions without alkali. After the 
‘Elon’ is completely dissolved the sulphite should be added, followed by 
the other developing agents, and finally the alkali. In other cases the 
preservative is dissolved first, then the developing agents, then, after these 
are completely dissolved, the alkali. Since the potassium bromide has no 
action on the developing agents, it is immaterial at what stage it is added. 
When sodium metabisulphite appears in the formula, it should be added 
with the sulphite. Developers containing sodium hydroxide (caustic soda) 
or potassium hydroxide (caustic potash) should be prepared in water at a 
temperature of approximately 32°C (90°F). For other developers the 
temperature should be approximately 50°C (122°F). 


3 FY-! 


Glass, glazed earthenware, polythene, polyvinyl chloride (PVC), and 
stainless steel are the materials most commonly used in the construction of 
containers for mixing and storing photographic solutions. All these 
materials may be used safely with any ordinary solution. Not all materials 
are suitable for use with photographic solutions, however; full details 
are given in Data Sheet PR-6 which contains a comprehensive survey of 
the suitability of various materials for use with a range of solutions. 


When an acid hardening-fixing bath is made up, it is essential that the 
ingredients be dissolved in the given order; water at approximately 50°C 
(122°F) should be used. The hypo should be dissolved first, then the 
sulphite, then the acid, and finally the alum. When the hardener stock 
solution is made up separately, the hardener should be added to the hypo 
solution slowly, with vigorous stirring, and both solutions must be cool. 


Filtering is unnecessary if clear water and clean chemicals are used. 
However, if there is any sediment or suspension, the solution should be 
filtered before storage or use. 


Equivalent weights of anhydrous and crystalline compounds 


Kodak formulae usually specify anhydrous sodium sulphite, sodium 
sulphate, and sodium carbonate, but crystalline sodium thiosulphate 
(hypo). If the alternative forms of chemicals have to be employed the 
quantities laid down in the formulae must be adjusted as follows : 


Crystalline sodium sulphite in place of anhydrous—multiply the weight 
by 2. 

Crystalline sodium sulphate (decahydrate) in place of anhydrous— 
multiply the weight by 24. 

Crystalline sodium carbonate in place of anhydrous—multiply the 
weight by 23. 

Anhydrous hypo in place of crystalline—multiply the weight by &. 


The question of parts 


It is often recommended to dilute a stock solution, say, one to two, or 
one part stock solution and two parts water. Parts should be taken to 
mean units of volume, any unit whatever being taken provided that 
all quantities are reckoned in the same units of volume. Thus: 


For use, take For use, take 
Stock solution 1 part Stock solution 4 fluid ounces 


} may a Water . . 16 fluid ounces 


Water . . 4 parts 
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WEIGHTS AND MEASURES—CONVERSION TABLES 





IMPORTANT: Kodak Formulae give quantities in both UK and metric units. One or 
other must be used exclusively, never a combination of the two, for the amounts given 
are not equivalent from one system to the other. 

The following tables give all the equivalent values required for converting photo- 

graphic formulae from one system to the other: 


UK Avoirdupois : Metric Weight 


Pounds Ounces Grains Grammes Kilogrammes 
1 16 7000 453.6 0.4536 
0.0625 l 437.5 28.35 0.02835 
I 0.0648 
0.03527 15.43 I 0.001 
2.205 35.27 15430 1000 I 
UK Liquid : Metric Liquid 
Gallons Fluid ounces Cubic Litres 
Centimetres 
1 160 4546 4.546 
! 28.41 0.028 
0.0352 1 0.001 
0.22 35.2 1000 I 


NOTES: | UK fluid ounce =480 minims. 
| US gallon=128 US fluid ounces (approx. 133 UK fluid ounces or 0.83 UK 
gallon). 
| UK gallon of water weighs 10 pounds and occupies approximately 277 
cubic inches. 


Conversion Factors 


Grammes per litre multiplied by 0.437 = grains per UK fluid ounce 
Grains per UK fluid ounce multiplied by 2.28 = grammes per litre 

Ounces per UK gallon multiplied by 6.236 = grammes per litre 

cc per litre multiplied by 0.48 = minims per UK fluid ounce 


Minims per UK fluid ounce multiplied by 2.1 cc per litre 


Temperature Conversion 


Centigrade to Fahrenheit. °F=(°CX2)+32 
Fahrenheit to Centigrade: °C=8 (°F—32) 





STORAGE OF SOLUTIONS 
Developers 

The mixed solution should be stored in a tightly stoppered bottle. 
Batches of stock solution are best stored in small bottles. When stock is 
used from a large bottle, the air space is increased each time the bottle is 
opened, and the chances for aerial oxidation are greatly increased. How- 
ever, a very small air space should be left to avoid loosening of the stopper 
or bursting of the bottle, as the volume of the solution varies with tem- 
perature changes. Glass-stoppered bottles are not desirable, as the alkali 
is apt to make the stopper stick. 

Developers which are particularly susceptible to aerial oxidation often 
are divided into two or three solutions in which the developing agent is 
kept separate from the alkali, thus reducing oxidation. 


5 FY-I 


The solubilities of most chemicals decrease as the temperature is 
lowered. As a result, when the more concentrated solutions are stored 
at low temperatures, there is a tendency for some ingredients to crystallize 
out. The precipitate which separates under such conditions often 
contains the most important constituents of the solution. It must not 
be discarded or filtered-out, but should be redissolved by warming the 
solution before use. 


All large-tank developers, which are kept in use for a considerable time, 
should be protected when not in use with a floating lid, to prevent aerial 
oxidation. After removing the lid, the surface of the developer should 
be skimmed with a clean blotter to remove any scum each time before the 
developer is used. 


Fixers 


When some acid hardener stock solutions are stored for several weeks, 
they tend to form a white incrustation of basic aluminium acetate on the 
inside of the container. This should be ignored as the incrustation usually 
does not impair the useful properties of the solutions. 


‘KODAK’ CHEMICALS AND CHEMICAL SUNDRIES 


Photography is essentially a chemical process involving many complex 
reactions of chemicals in solution. These reactions determine, to a high 
degree, the properties and quality of the processed images. Therefore, 
the purity, strength, and uniformity of the chemicals, the quantity of each 
used, and the manner in which they are combined, are of the utmost 
importance in achieving results of uniformly high quality. 

Because of these facts, and to meet the needs for formulae and chemicals 
from which uniform results of high quality could be expected, Kodak 
formulae were evolved and ‘Kodak’ Chemicals were introduced. In 
order to ensure accurately balanced solutions, and to save time for the 
darkroom worker, Kodak Limited makes available many more popular 
formulae in the form of packed chemical preparations, which need only to 
be dissolved according to the directions on the package to be ready for use. 


Notes on some of the chemicals mentioned 


‘Dolm’ is a pure form of diaminophenol hydrochloride, a developing 
agent which is also known under the name of Amidol. 


‘Elon’ is a specially purified form of monomethyl para-aminophenol 
sulphate, a developing agent which is also known under other names, 
such as Metol, Genol, etc. 
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Glycin is para-hydroxypheny] glycine. 


Pyro is 1: 2: 3 trinydroxybenzene, also known as pyrogallol or pyrogallic 


acid. 


‘Kodalk’ is an alkali approximately intermediate in activity between 
sodium carbonate and borax. Films developed in a developer in which 
‘Kodalk’ is used as an accelerator will not blister when placed in an acid 
stop bath or an acid fixing bath, even at high temperatures. 


‘Kodak’ Chemicals 


Acetic acid, glacial Potassium alum 

Borax Potassium bichromate 
Chrome alum Potassium bromide 
Citric acid Potassium ferricyanide 
‘Dolmi’ (pure diaminophenol Potassium metabisulphite 


hydrochloride) Potassium permanganate 
‘Elon’ (pure monomethyl 


hs Sil itrate 
para-aminophenol sulphate) Per meree 


. Sodium carbonate (crystals or 
Hydroquinone anhydrous) 


‘Kodalk’ Balanced Alkali Sodium hexametaphosphate 


‘Kodak’ Chemical Sundries 


Sodium hydroxide (caustic soda) 
Sodium metabisulphite 

Sodium sulphate (anhydrous) 
Sodium sulphide (fused) 

Sodium sulphide solution 


Sodium sulphite (crystals or 
anhydrous) 


Sodium thiosulphate (hypo) 
(crystals or anhydrous) 


Thiourea (thiocarbamide) 


Certain other chemical products, where appropriate, are included in 
the lists of ‘Kodak’ Packed Chemicals in Data Sheets FY-2, FY-4, and 


FY-6. 


Kodak ‘Photo-Flo’ Solution . . . . For adding to final rinse baths to avoid drying marks and 
to hasten drying. 

‘Kodak’ Wetting Agent For adding to developers and pre-development baths to 
prevent air-bells. 

‘Kodak’ Anti-Fog Powder . . . . . For adding to developers when a tendency to chemical 
fog occurs. 

‘Kodak’ Glazing Solution . . . . . For print glazing on ferrotype plates or glass. 

*Kodak’ Lens Cleaner . . 2... For cleaning the glass surfaces of lenses, filters, etc. 

‘Kodak’ Movie Film Cleaner . . . . For cleaning negatives, cine film, and colour transparencies. 

‘Kodak’ Film Cements . ..... For splicing safety and nitrate cine film. 

‘Kodak’ White Ink 2. 2. 2. 2... For inscriptions on albums, prints, lantern-slide masks, etc. 

‘Kodak’ Special Retouching Medium For negative retouching. 

‘Kodak’ Opaque . . . . 2. . se For blocking-out negatives or positives. 

‘Kodak’ Photographic . ..... An adhesive for the mounting of monochrome or colour 

Rapid Mounting Cement prints, or for general use. 
‘Kodaflat’ Solution For holding fiims or papers flat during exposure. 
‘Kodak’ Anti-Calcium To prevent or reduce the deposition of calcium scum on 


films, and of scale on tank walls, etc., from developers 
prepared using hard water. 
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KEEPING PROPERTIES AND USEFUL CAPACITIES OF DEVELOPERS 
AT 18°—24°C (65°—75°F) 





DEVELOPER KEEPING PROPERTIES WITHOUT USE USEFUL CAPACITY* 
Number of 8 x 10-inch sheets 
processed per gallon 


STOCK SOLUTION WORKING SOLUTION 
IN STOPPERED BOTTLE 
FULL HALF-FULL DISH LARGE DISH LARGE 
TANK TANK 
D-8 2 months 2 weeks 2 hr (2+1) 2 days (2+ 1) 72 (241) 72 (24+1) 
DG-10 6 months 2 months 8 hr (1+7) | week (1+7) 25 (1+7) 35 (147) 
6 hr(t+10) 5 days (1+10) 18 (1+ 10) 24 (1 +10) 
D-11 6 months | month 24 hr | month 36 48 
DK-I5 3 months | month 8 hr | week 18 36 
D-16 6 months 2 months 24 hr | month 36 48t 
D-19 6 months 2 months 24 hr | month 54 72+ 
D-19b 6 months 2 months 24 hr | month 54 72t 
D-23 6 months 2 months 24 hr | month 20 20tt 
D-25 6 months 2 months 24 hr | month 20 20tt 
DK-50 6 months 2 months 24 hr | month 24 48+ 
12 he (+1) 2 wks (1+1) 12(1+1) 244(14+1) 
D-6la 6 months 2 months 24 hr (1+1) 2 wks (1 +3) 18(1+1) 36¢(1+3) 
D-76 6 months 2 months 24 hr | month 20 20t¢ 
D-96 6 months 2 months 24 hr | month 36 36t 
D-158 3 months | month 24 hr (I+1) 1-2 wks(1+1) 24(I+1) Negs. 48(1+1) 
36 (1+1) Prints — 
D-163 3 months | month 24 hr (1+3) 1-2 wks (1 +3) 15 (1+3) Negs. 30 (143) 
30 (143) Prints — 
D-170 3 weeks N.R. 30 min NLR. 48 N.R. 
D-173 2 months 2 weeks !0 hr N.R. 16 (1+2) NLR. 
0-178 2 months 1 month 4hr(2+1) NR. 18 (2+1) N.R. 
‘Microdol-X’ 6 months 2 months 24 hr | month 20 20tt 


i 


N.R.—Not recommended. 

* These figures are based on exhaustion of the solution without replenishment. Under most conditions 
longer life and greater capacity can be assumed if some change in quality can be tolerated. 

+ Life greatly increased by the use of a replenisher. Replenishers have the same keeping properties as 
their respective developers. 

+ When the developing time is increased by about I|5 per cent after each 4 sheets per gallon. 





KEEPING PROPERTIES AND USEFUL CAPACITIES OF 
STOP BATHS AT 18°—24°C (65°—75°F) 


STOP BATH KEEPING PROPERTIES WITHOUT USE USEFUL CAPACITY 
Number of 8 x 10-inch sheets 
processed per gallon 


STOCK SOLUTION WORKING SOLUTION 
IN STOPPERED BOTTLE DISH LARGE TANK 

SB-I Indef. 3 days | month 90 
SB-la Indef. 3 days { month 48 
SB-3 6 months* | day | month* 30 
SB-4 6 months* | day | month* 30 
SB-5 Indef. 3 days | month 60 
Liquid Stop 

Bath with 

Indicator t Indef. 3 days ! month 96 





e pe rgenine properties decrease rapidly on standing or use; do not keep a used bath for more than 
days. 
+ Keeps indefinitely in original sealed package. 
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KEEPING PROPERTIES AND USEFUL CAPACITIES 
OF FIXERS AT 18°—24°C (65°—75°F) 


USEFUL CAPACITY* 


FIXER KEEPING PROPERTIES WITHOUT USE WITH STOP BATH 
Number of 8X 10-inch sheets 
STOPPERED DISH LARGE TANK processed per gallon 
BOTTLE 

F-5 2 months | week | month 120 

F-6 2 months | week 2 months 120 

F-7 2 months | week | month 144 

F-24 2 months | week | week 120 

‘Kodafix’ 

Solution t¢ 2 months | week | month 144 negs. (1+3) 

120 prints (1+7) 

Rapid Fixer 

(with 

hardener)t 2 months | week ! month 144 negs. (1+3)t 


120 prints (1+7) 





* The useful capacity of a fixing bath can be increased by using the two-bath fixing technique described 
in Data Sheet PR-13. 

+ Keeps indefinitely in original sealed package. 

$ 570 8» 10-inch sheets of ‘‘lith’’-type films or plates can be fixed per gallon. 


APPROXIMATE ROLL-FILM EQUIVALENTS IN DETERMINING 
USEFUL CAPACITIES OF PROCESSING SOLUTIONS 













Equivalent Equivalent 
rinse | Mamberey | rinse | 
Sheets Sheets 

7 rolls No. 828 2 I roll No. 135 (36 exp.) I 
7 rolls No. 126 (12 exp.) 2 35mm x 150 feet 30 
2 rolls No. 126 (20 exp.) I 2 rolls No. 127 | 
3 rolls No. 135 (12 exp.) | I roll No. 120 or 620 I 
8 rolls No. 135 (20 exp.) 5 4 rolls No. 116 or 616 5 






Kodak, and product names quoted thus—‘Kodafix’—are trade marks 
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Product names quoted thus 
‘KODAK’ 


are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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PDFY-1/xWP10/11-67 


‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





FORMULARY 





FY-| Formulary: Index and General Information 
FY-2 Developer Formulae 

FY-3 Reversal Processing Procedures and Formulae 
FY-4 Stop, Hardening, and Fixing Bath Formulae 
FY-5 Reducer, Intensifier, and Bleach Formulae 
FY-6 Toning Formulae 

FY-7 Cleaner and Stain-Remover Formulae 


Associated Data Sheets contained in other sections 


PR-8 Dermatitis from Photographic Chemicals 
PR-9 Silver Recovery and Fixer Regeneration 
PR-I| Chemical Aids to Rapid Drying 

PR-12 Stains on Monochrome Negatives and Prints 
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FORMULARY : 
INDEX AND GENERAL INFORMATION 


INDEX TO FORMULARY 


Kodak formulae are published in six Data Sheets, the contents of which 
are indexed below. A list of constituent chemicals marketed by Kodak 
Limited is included. Ready compounded chemical preparations, in 
powder and liquid form, are listed at the end of each relevant Data Sheet 


DEVELOPER FORMULAE—DATA SHEET FY-2 


Issue B 


Formula Page 

Buffered-borax, negative D-76d 7 

Cine-positive, normal tank D-16 2 

‘Dolmi’ D-170 ll 
‘Elon’ D-165 9 
‘Elon’-free, for ‘Velox’ paper D-173 11 
‘Elon’-hydroquinone D-72, D-163 6,9 
‘Elon’-hydroquinone-‘Kodalk’ DK-50 5 
Extra fine grain D-25 4 

Extra warm tone D-166 10 

Extreme-contrast D-85 7 

Fine-grain D-23, D-76 3,6 

High-contrast negative D-11, D-19b 2,3 

Lantern-plate D-32 4 

Maximum-contrast D-8 1 

Maximum-energy D-82 7 

Maximum-Resolution plate D-178 12 
Negative D-6la 5 

Process D-153 8 

Pyro-‘Elon’, staining D-167 10 
Pyro-soda D-177 12 
Pyro, three-solution D-1 1 
Rapid, for recording papers D-171 11 

Replenisher for D-16 D-16R 3 
Replenisher for D-19b D-19bR 3 
Replenisher for D-23 and I-25 D-25R 4 

Replenisher for DK-50 DK-50R 5 

Replenisher for D-61a D-61aR 6 
Replenisher for D-76 D-76R 6 
Reversal developers D-8 (modified), D-168 See FY-3 
Tanning D-175 11 
Tropical DK-15 2 
Ultra-rapid, for recording papers D-169 10 


Kodak Data Sheet 
FY-1 


‘Velox’ and ‘Kodaline’ materials 
Warm-tone 


Formula 
D-158 
D-156 


REVERSAL PROCESSING PROCEDURES AND FORMULAE— 


DATA SHEET FY-3 


Reversal of continuous-tone materials 

Reversal of photomechanical materials 

Reversal of M.R. plates 

Reversal of ‘Kodalith’ materials 

Bleaching and clearing baths 

First and second developer for M.R. 
plates 

First developer for continuous-tone 
materials 

First developer for photomechanical 
materials 

Second developer for continuous-tone, 
photomechanical, and ‘Kodalith’ 
materials 

Etch-bleach bath for ‘Kodalith’ materials 


Formula 


R-21 

D-178 

D-168 

D-8 (modified) 


D-158 
EB-2 


STOP, HARDENING, AND FIXING BATH FORMULAE— 


DATA SHEET FY-4 


Acid hardener stock solution 

Acid hardening-fixing bath for negatives 
Acid hardening-fixing bath for prints 
Acid hardening-fixing bath, tropical 
Fixing bath, chrome alum 

Fixing bath, non-hardening 

Fixing bath, plain hypo 

Formalin hardener 

Hardening stop bath 

Hardening stop bath, tropical 

Hypo eliminator 

Hypo test solution 

Stop bath, for general use 

Stop bath, for photomechanical materials 


Formula 
F-53 
F-54a 
F-54 
F-5 
F-16 
F-52 
F-51 
SH-1 
SB-3 
SB-4 
HE-1 
HT-2 
SB-1 
SB-la 


REDUCER, INTENSIFIER, AND BLEACH FORMULAE— 


FY-I 


DATA SHEET FY-5 


Etch-bleach bath 

Gelatin adhesive 

Intensifier, chromium 
Intensifier, mercury 

Intensifier, quinone-thiosulphate 
Intensifier, silver 

Reducer, Farmer’s 


Formula 


EB-2 


IN-4 
IN-1 
IN-6 
IN-5 
R-4a 


Page 


Page 


oOnNnNeH 


a 


y 
a 
e 


See DP PDK ND WN ND WW W 


bo 


v 
Rg 
a 


Formula 


Reducer, Farmer’s, two-solution R-4b 2 
Reducer, iodine, for prints R-23 4 
Reducer, modified Belitzsky R-8 3 
Reducer, non-staining R-14 3 
Reducer, permanganate R-2 2 
Reducer, persulphate R-1 1 
Reducer, proportional R-5 3 
Silver eradicator, for prints R-25 4 
TONING FORMULAE—DATA SHEET FY-6 

Formula Page 
Gold-sulphocyanide T-53 2 
Hypo-alum T-51 2 
Iron T-11 1 
Selenium T-55 3 
Sulphide-selenium T-56 3 
Sulphide sepia T-52 2 


CLEANER AND STAIN-REMOVER FORMULAE—DATA SHEET FY-7 


Formula Page 
Cleaner for hangers and clips _— 2 
Cleaner for vertical tanks — 2 
Dish cleaner TC-1 1 
Dish cleaner and hand stain-remover TC-3 1 
Stain remover S-6 2 


MAKING-UP SOLUTIONS 


When developers are made up, it is essential to dissolve the constituents 
in the order given in the formula if undesirable reactions are to be avoided. 
For instance, if the developing agent is dissolved first, and then the alkali 
is added, considerable aerial oxidation and formation of coloured oxidation 
products may occur before the preservative, sodium sulphite, is dissolved. 
However, in the case of formulae containing the developing agent ‘Elon’, 
the ‘Elon’ should be dissolved first, since it is readily soluble in warm water, 
but only slightly soluble in sulphite solutions without alkali. After the 
‘Elon’ is completely dissolved the sulphite should be added, followed by 
the other developing agents, and finally the alkali. In other cases the 
preservative is dissolved first, then the developing agents, then, after these 
are completely dissolved, the alkali. Since the potassium bromide has no 
action on the developing agents, it is immaterial at what stage it is added. 
When sodium metabisulphite appears in the formula, it should be added 
with the sulphite. Developers containing sodium hydroxide (caustic soda) 
or potassium hydroxide (caustic potash) should be prepared in water at a 
temperature of approximately 90°F (32°C). For other developers the 
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temperature should be approximately 125°F (52°C). Glass, glazed 
earthenware or unchipped enamel vessels are preferred materials for 
mixing and storing developer solutions; copper, tin, aluminium and 
galvanized ware should never be used. 


When an acid hardening-fixing bath is made up, it is essential that the 
ingredients be dissolved in the proper order in cold water if decomposition 
of the hypo and precipitation of the alum are to be avoided. The hypo 
should be dissolved first, then the sulphite, then the acid, and finally the 
alum. When the hardener stock solution is made up separately, the 
hardener should be added to the hypo solution slowly, with vigorous 
stirring, and both solutions must be cold. 


Filtering is unnecessary if clear water and clean chemicals are used. 
However, if there is any sediment or suspension, the solution should be 
filtered before storage or use. 


Equivalent weights of anhydrous and crystalline compounds 


Kodak formulae usually specify anhydrous sodium sulphite and sodium 
carbonate, but crystalline sodium thiosulphate (hypo). If the alternative 
forms of chemicals have to be employed the quantity laid down in the 
formulae must be adjusted as follows :— 


Crystalline sodium sulphite in place of anhydrous—multiply the weight 
by 2. 


Crystalline sodium carbonate in place of anhydrous—multiply the 
weight by 23. 


Anhydrous hypo in place of crystalline—multiply the weight by 3. 


The advantages of the anhydrous over the crystalline form are economy, 
greater stability, and smaller bulk in storage. 


The question of parts 


It is often recommended to dilute a stock solution, say, one to two, or 
one part stock solution and two parts water. Parts should be taken to 
mean units of volume, any unit whatever being taken provided that 
all quantities are reckoned in the same units of volume. Thus: 


For use, take For use, take 

Stock solution 1 part | ( Stock solution 4 oz 
may mean < 

Water . . 4 parts | Water 16 oz 
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WEIGHTS AND MEASURES—CONVERSION TABLES 


IMPORTANT: Kodak Formulae give quantities in both avoirdupois and metric | Temperature 
units. One or other must be used exclusively, never a combination of the two, ete 
le 
for the amounts given are not exact equivalents. 


The following tables give all the equivalent values required for converting photo- 
graphic formulae from one system to the other :— 


Avoirdupois : Metric Weight 


Pounds Ounces Grains Grammes Kilogrammes 
I 16 7000 453-6 0-4536 
0-0625 ! 437°5 28-35 0-02835 
l 0-0648 
0-03527 15-43 ! 0-001 
35:27 15430 1000 | 


Imperial Liquid : Metric Liquid 


Ounces Drachms Cubic 
Quarts (Fluid) (Fluid) Centimetres 
4 160 1280 4546 
' 40 320 1137 
I 8 28-42 
0-125 1(60 minims) 3-55 
0-0353 0:282 | 
0-88 35:3 282 1000 


*Centigrade 


NOTE: American gallon = 128 fluid ounces. 
Conversion Factors 


Grammes per litre multiplied by 0-437 
Grains per ounce multiplied by 2:28 

ce per litre multiplied by 0-48 

Minims per ounce multiplied by 2-1 


grains per ounce 
grammes per litre 
minims per ounce 
cc per litre 





STORAGE OF SOLUTIONS 
Developers 


The mixed solution should be stored in a tightly corked bottle. Batches 
of stock solution are best stored in small bottles. When stock is used 
from a large bottle, the air space is increased each time the bottle is opened, 
and the chances for aerial oxidation are greatly increased. However, a 
small air space should be left to avoid loosening of the stopper or bursting 
of the bottle, as the volume of the solution varies with temperature changes. 
Glass stoppered bottles are not desirable, as the alkali is apt to make the 
stopper stick. 


Developers which are particularly susceptible to aerial oxidation often 
are divided into two or three solutions in which the developing agent is 
Kept separate from the alkali, thus reducing oxidation. 
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The solubilities of most chemicals decrease as the temperature is 
lowered. As a result, when the more concentrated solutions are stored 
at low temperatures, there is a tendency for some ingredients to crystallize 
out. The precipitate which separates under such conditions often 
contains the most important constituents of the solution. It must not 
be discarded or filtered-out, but should be redissolved by warming the 
solution before use. 

All deep-tank developers, which are kept in use for a considerable time, 
should be protected when not in use with a floating lid, to prevent aerial 
oxidation. After removing the lid, the surface of the developer should 
be skimmed with a clean blotter to remove any scum each time before the 
developer is used. 


Fixers 


When some acid hardener stock solutions are stored for several weeks, 
they tend to form a white incrustation of basic aluminum acetate on the 
inside of the container. This should be ignored as the incrustation usually 
does not impair the useful properties of the solutions. 


‘KODAK’ CHEMICALS AND CHEMICAL SUNDRIES 


Photography is essentially a chemical process involving many complex 
reactions of chemicals in solution. These reactions determine, to a high 
degree, the properties and quality of the processed images. Therefore, 
the purity, strength, and uniformity of the chemicals, the quantity of each 
used, and the manner in which they are combined, are of the utmost 
importance in achieving results of uniformly high quality. 

Because of these facts, and to meet the needs for formulae and chemicals 
from which uniform results of high quality could be expected, Kodak 
formulae were evolved and ‘Kodak’ Chemicals were introduced. In 
order to ensure accurately balanced solutions, and to save time for the 
darkroom worker, Kodak Limited makes available many more popular 
formulae in the form of packed chemical preparations, which need only to 
be dissolved according to the directions on the package to be ready for use. 


Notes on some of the chemicals mentioned 
‘Dolmi’ is a pure form of diaminopheno! hydrochloride, a developing 
agent which is also known under the name of ‘Amidol’. 


‘Elon’ is a specially purified form of monomethyl paraminophenol 
sulphate, a developing agent which is also known under other names, 
such as ‘Metol’, ‘Genol’, etc. 
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‘Kodurol’ is parahydroxyphenyl glycine, a developing agent also com- 


monly known as glycin. 


Pyro is 1: 2: 3 trinydroxybenzene, also known as pyrogallo! or pyrogallic 


acid. 


‘Kodalk’ is an alkali approximately intermediate in activity between 
sodium carbonate and borax. Films developed in a developer in which 
“Kodalk’ is used as an accelerator will not blister when placed in an acid 
stop bath or an acid fixing bath, even at high temperatures. 


‘Kodak’ Chemicals 


Acetic acid, glacial 
Borax 

Chrome alum 
Citric acid 


‘Dolmi’ (pure diaminophenol 
hydrochloride) 


‘Elon’ (pure monomethyl 
paraminophenol sulphate) 


Hydroquinone 
‘Kodalk’ Balanced Alkali 


Potassium bichromate 
Potassium bromide 


Potassium ferricyanide 


Potassium permanganate 


Potassium thiocyanate 


Pyrogallic acid (pyro) 


Silver nitrate 


Sodium hexametaphosphate 
Sodium hydroxide (caustic soda) 


Sodium metabisulphite 


Potassium metabisulphite 


Sodium sulphate (anhydrous) 
Sodium sulphide solution 


(sulphocyanide) sodium sulphite (crystals or 
anhydrous) 


Sodium thiosulphate (hypo) 
(crystals or anhydrous) 


Sodium carbonate (crystals or 


Potassium alum 


‘Kodak’ Chemical Sundries 


Kodak ‘Photo-Flo’ Solution 
‘Kodak’ Wetting Agent 
‘Kodak’ Anti-Fog Powder . 


‘Kodak’ Glazing Solution 

‘Kodak’ Varnish for Negatives and Prints 
‘Kodak’ Lens Cleaning Solution 
‘Kodak’ Cine-Film Cleaning Fluid. 
‘Kodak’ Film Cements 

‘Kodak’ White Ink “x 
‘Kodak’ Special Retouching Medium 
‘Kodak’ Opaque . 


‘Kodak’ Photographic 
Rapid Mounting Cement 


‘Kodaflat’ Solution 


anhydrous) Thiourea (thiocarbamide) 


For adding to final rinse baths to avoid drying marks and 
to hasten drying. 


For adding to developers and pre-development baths to 
prevent air-bells. 


For adding to developers when a tendency to chemical 
fog occurs. 


For print glazing on ferrotype plates or glass. 

For applying a protective coating to negatives and prints. 
For cleaning the glass surfaces of lenses, filters, etc. 

For cleaning negatives, cine film, and colour transparencies, 
For splicing safety and nitrate cine film. 

For inscriptions on albums, prints, lantern-slide masks, etc. 
For negative retouching. 

For blocking-out negatives or positives. 


An adhesive for the mounting of monochrome or colour 
prints, or for general use. 


For holding films or papers flat during exposure. 
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KODAK 


FORMULA 


IN 
DISH 


Developers 


D-1 


D-8 
D-16 
D-I6R 
D-19b 
D-19bR 
0-23 
D-25 
D-25R 
D-32 


D-6la 
D-6laR 
0-72 


D-76 
D-76R 
D-82 
D-156 


D-158 
D-163 
D-166 
D-167 
D-170 
D-173 
D-177 
D-178 


DK-I5 
DK-50 


30 min. 


4 hr. 
24 hr. 


24 hr. 


24 hr. 
24 hr. 


2hr. 
24 hr. 
24 hr. 
24 hr. 
2hr. 
6 hr. 
24 br. 
24 hr. 


8 hr. 


30 min. 
10 hr. 
30 min. 


4hr. 
8 hr 
24 hr. 


KEEPING PROPERTIES 


GALLON 


TANK 


3 hr. 


NLR. 
| month 


| month 


1 month 
month 

NAR. 

2 weeks 

2 weeks 

! month 

24 hr. 

N.R. 

1-2 weeks 


1-2 weeks 


Rinse and Hardening Baths 


SB-I 
SB-la 
SB-3 


3 days 
3 days 
| day 


| month 
month 


STOPPERED BOTTLE 


Full 


! month 


Half-Full 


2 weeks 


(in 3 solutions) 


2 months 
6 months 
6 months 
6 months 
6 months 
6 months 
6 months 
6 months 
2 months 


| month 

2 months 
2 months 
3 months 
3 months 
2 months 
2 months 
2 months 
2 weeks 


(in 2 solutions) 


2 months 
2 months 
3 months 


6 months 
6 months 
| week 

3 months 
3 months 
3 months 


3 months 
3 months 


3 weeks 
3 weeks 
| month 


2 months 
2 months 
2 days 

| month 
| month 
| month 


| month 
2 months 


(in 2 solutions) 


3 weeks 
2 months 
| month 


N.R. 
2 weeks 
2 weeks 


(in 3 solutions) 


2 months 
3 months 
6 months 


Indef. 
Indef. 
Indef. 


| month 
| month 
2 months 


Indef. 
Indef. 
Indef, 


KEEPING PROPERTIES AND USEFUL LIFE OF SOLUTIONS 


USEFUL LIFE § 


DISH 


12 


18 
24 


Number of 8 x 10 inch sheets 
at 65-70°F of unused solutions made direct from formule processed for standard time in 
I gallon without loss ar see 

EEP 


TANK 


24 


36 
48* 


used as replenisher only 
72 


36 


used as replenisher only 
36 


24 
20 


30 


used as replenisher only 
N.R. 


18 
18 (141) 


36* (1+3) 


used as replenisher only 
24(1+1) Negs. 48 (1+1) 
18 (1+2) Negs. 36 (1+2) 
24 36* 


used as replenisher only 
12 
Depends on quality re- 


quired. Exhaustion affects 
image colour 


24 (141) 

36 (1+1) 

15 (1+3) 

36 (141) 

30 (I +3) 

as D-156 
12 


48 
16 (1+2) 
12 


18 
18 
24 


100 


Negs. 48 (I+!) 
Prints — 
Negs. 30 (1+3) 
Prints 

Prints 


40 (after D-8) 
30 


| 
! month 
! 


SB-4 | day month Indef. Indef. 30 


Fixing Baths 


F-S 
F-16 
F-52 


F-53 
F-54 


F-54a 


| week 
3 dayst 
| week 


| week 


| week 


montht 
weekt 
month 


month 


montht 


3 months 
1 weekt 
3 monthst 


3 months 
3 months 


3 monthst 


2 weekst 
1-2 days 
3 monthst 


120 (SB-3) 
90 (SB-3) 
90 (SB-3) 


120 (W.R) 
120 (SB-3) 


2 months 
2 weeks 


2 weekst 
120 (SB-3) 


120 (W.R.) 
60 (W.R.) 
60 (W.R.) 


120 (W.R.) 


120 (W.R.) 
120 (SB-3) 
60 (W.R.) 
90 (SB-3) 
60(W.R.) 
90 (SB-3) 


120 (W.R.) 
120 (SB-3) 
120 (W.R.) 
120 (SB-3) 


+ Only keeps 2 weeks at temperatures above 75°F. N.R.—Not recommended. 


$ Only keeps 2 days at temperatures above 75°F. 
* Life greatly increased by the use of replenisher. 
§ Longer life if conditions of use are modified, and if some change in quality can be tolerated. 


W.R.—Water rinse after development. 


Approximate roll-film equivalents in determining useful life of processing solutions :— 


2 No. 127 rolls = one 8x 10 inch sheet. 


| No. 135 roll (36 exp.) = one 8X 10 inch sheet. 


| No. 620 or 120 roll = one 8x 10 inch sheet 
| No. 616 or 116 roll=1!4 8x 10 inch sheets 





Product names quoted thus—‘Kodak’—are trade marks 


Kodak Data Sheet 
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KODAK LIMITED LONDON 


TP457WP10360 


DEVELOPER FORMULAE 





Kopak formulae usually specify anhydrous sodium sulphite and sodium 
carbonate, but crystalline sodium thiosulphate (hypo). If the alternative 
forms of chemicals have to be employed, the quantity laid down in any 
formula containing these constituents must be adjusted as follows :— 


Crystalline sodium sulphite in place of anhydrous—multiply the 
weight by 2. 


Crystalline sodium carbonate in place of anhydrous—multiply the 
weight by 23. 


Anhydrous hypo in place of crystalline—multiply the weight by 8. 


Note—Unless specific instructions are given to the contrary, all chemicals 
should be dissolved or mixed, in sufficient water, in the order given in 
each formula. 


Except where otherwise stated, any developing times given in 
these formulae are for a temperature of 20°C (68°F). 


D-8 MAXIMUM-CONTRAST DEVELOPER 


A single-solution hydro- Stock Solution 
quinone-caustic developer Metric Avoirdupois 
for very high-contrast work. 90 grammes _ Sodium sulphite (anhyd.) 7 ounces 90 grains 
45 grammes  Hydroquinone 3 ounces 265 grains 
37-5 grammes Sodium hydroxide (caustic 
soda) 3 ounces 
30 grammes _ Potassium bromide 2 ounces 175 grains 
Available as ‘Kodak’ D-8 1000 cc Water to make 80 fluid ounces 
Maximum-Contrast _—_Devel- 
oper Powder. For use, take 2 parts of stock solution and | part of water. 


De=IT HiGH-cONTRAST NEGATIVE DEVELOPER 


A developer suitable for Metric Avoirdupois 

providing high contrast or | grammes ‘Elon’ 35 grains 

medium contrast depending 75 grammes Sodium sulphite (anhyd.) 6 ounces 

upon its method of use. It 9 grammes  Hydroquinone 315 grains 

is suitable for use in either 25:5 grammes Sodium carbonate (anhyd.) 2ounces 25 grains 

dish or tank. 5 grammes Potassium bromide 175 grains 
1000 cc Water to make 80 fluid ounces 

Available as a ‘Kodak’ Packed Use without dilution for high-contrast materials or diluted as directed 

Developer Powder. for continuous-tone materials. 

Issue D Kodak Data Sheet 
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DK-=I15 tropicat DEVELOPER 


A normal-contrast dish or 
tank developer for the 
development of films or 
plates at high temperatures, 
24° to 32°C (75° to 90°F). 


Metric Avoirdupois 
5:7 grammes ‘Elon’ 200 grains 
90 grammes Sodium sulphite (anhyd.) 7 ounces 90 grains 
22:5 grammes ‘Kodalk’ | ounce 335 grains 


1-9 grammes Potassium bromide 67 grains 
105 grammes Sodium sulphate (cryst.) 8 ounces 175 grains 
1000 cc Water to make 80 fluid ounces 


WARNING: Ie is important to agitate the films or plates when first 
immersing them in the developer, and at intervals during development, 
to avoid streakiness. 


After development, rinse for | or 2 seconds in water and then immerse 
for 3 minutes in the tropical hardening stop bath (formula SB-4). After 
hardening, fix for at least 10 minutes in the tropical acid hardening- 
fixing bath (formula F-5) before transferring to the washing water. 


Full gmegnaen on tropical photography is given in Data Booklet 
GN-5. 


DK-I5a, giving less contrast, may be obtained by using only 170 grains 
of ‘Kodalk’ Balanced Alkali per 80 fluid ounces of developer (5 grammes 
per 1000 cc) instead of the quantities given above. 


D=16 mMoTION-PICTURE POSITIVE-FILM DEVELOPER 





Normal to high contrast 
developer. Mainly used as 
tank developer for motion- 
picture positive film. Also 
suitable for negative devel- 
opment where medium or 
high contrast is required ; 
also for variable-area sound 
negatives or prints. 


Metric Avoirdupois 
0-31 gramme ‘Elon’ (1 grains 
40 grammes Sodium sulphite (anhyd.) 3 ounces 85 grains 
6 grammes Hydroquinone 210 grains 
18:7. grammes Sodium carbonate (anhyd.) lounce 215 grains 
0:86 gramme __— Potassium bromide 30 grains 
0-7 gramme Citric acid 25 grains 
15 grammes Potassium metabisulphite 52 grains 


{000 cc Water to make 80 fluid ounces 


Use without dilution. 
For motion-picture positive film, development time will vary from 


4-6 minutes according to the contrast required and the degree of 
agitation employed. 


ID=I6R_ repceNnisHER FOR D-I6 DEVELOPER 


Replenisher for D-16 
developer. 


FY-2 


Metric Avoirdupois 
0-3 gramme ‘Elon’ Il grains 
40 grammes _ Sodium sulphite (anhyd.) 3 ounces 85 grains 
9 grammes  Hydroquinone 315 grains 
38 grammes Sodium carbonate (anhyd.) 3 ounces 
0-7 gramme Citric acid 25 grains 
1-5 grammes Potassium metabisulphite 52 grains 
1000 cc Water to make 80 fluid ounces 


To be added to the tank as needed to maintain its original volume. 


D=19b HiGH-cONTRAST NEGATIVE DEVELOPER 


High-contrast dish or tank 
developer for X-ray film and 
Scientific Plates; it is also 
recommended in general 
clinical work, oscillograph, 
cardiograph, and other line 
records, aerial photography, 
metallography, spectro- 
graphy, and infra-red photo- 
graphy. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Metric Avoirdupois 
2:2 grammes ‘Elon’ 77 grains 
72. grammes Sodium sulphite (anhyd.) 5 ounces 330 grains 
8-8 grammes Hydroquinone 310 grains 
48 grammes Sodium carbonate (anhyd.) 3 ounces 370 grains 
4 grammes Potassium bromide 140 grains 
1000 cc Water to make 80 fluid ounces 


Use without dilution or diluted as directed for the particular material. 


Recommended minimum development time for X-ray films—5 minutes. 


D=-I9DR_  repcenisHeR FOR D-19b DEVELOPER 


Replenisher for D-I9b de- 
veloper. When used to 
maintain the level of the 
developer in a tank, the 
activity of the developer 
will remain approximately 
constant. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Metric Avoirdupois 
4 grammes ‘Elon’ 140 grains 
72. grammes Sodium sulphite (anhyd.) 5 ounces 330 grains 
16 grammes  Hydroquinone | ounce 125 grains 
48 grammes Sodium carbonate (anhyd.) 3 ounces 370 grains 

7:5 grammes Sodium hydroxide (caustic 

soda) 260 grains 

1000 cc Water to make 80 fluid ounces 


The D-I9b developer should be maintained at a constant level in the 
tank by frequent addition of the above replenisher solution. The total 
volume of replenisher used should be no greater than the original 
volume of the developer. 


D=23 FINE-GRAIN DEVELOPER 


A soft-working developer of 
simple formula giving nor- 
mal emulsion speed. For 
portrait, commercial, and 
technical record photo- 
graphy. 


Metric Avoirdupois 
7:5 grammes ‘Elon’ 275 grains 
100 grammes Sodium sulphite (anhyd.) 8 ounces 
1000 cc Water to make 80 fluid ounces 


Use without dilution and develop for times recommended for D-76 
developer. 


D=25 EXTRA-FINE-GRAIN DEVELOPER 


Normal-contrast tank de- 
veloper of simple formula 
for minimum — graininess. 
This developer necessitates 
an exposure increase of 50 
to 100 per cent. 


Metric Avoirdupois 
7-5 grammes ‘Elon’ 275 grains 
100 grammes Sodium sulphite (anhyd.) 8 ounces 
15 grammes Sodium metabisulphite 1 ounce 110 grains 
1000 cc Water to make 80 fluid ounces 


Use without dilution at 25°C (77°F) and develop for times recom- 
mended for ‘Microdol-X’ Developer at 20°C (68°F). 
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I=2.5R repcenisHer FOR D-23 AND D-25 DEVELOPERS 


Replenisher for D-23 and 
D-25 developers. 


Metric Avoirdupois 
10 grammes ‘Elon’ 350 grains 
100 grammes Sodium sulphite (anhyd.) 8 ounces 
20 grammes ‘Kodalk’ 1 ounce 265 grains 
1000 cc Water to make 80 fluid ounces 


For D-23 developer, add 3 fluid ounce (22 cc) for each unit of 80 square 
inches of material up to a limit of 125 (30) such units per gallon (1000 cc) 
of original developer. 


For D-25 developer, add I$ fluid ounces (43 cc) for each unit of 80 
square inches of material, for first 60 (12) such units, and 2 fluid ounce 
(22 cc) for further 60 (12) units per gallon (1000 cc) of original developer. 


‘ELON’-HYDRO QUINONE-‘KODALK’ 


DK=50 peveLorer 





Normal-contrast dish or 
tank developer for plates 
and films. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


DK-50R 


Replenisher for DK-50 
developer in tank use. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Metric Avoirdupois 
2:5 grammes ‘Elon’ 88 grains 
30 grammes Sodium sulphite (anhyd.) 2 ounces 175 grains 
2:5 grammes Hydroquinone 88 grains 
10 grammes ‘Kodalk’ 350 grains 
0-5 gramme Potassium bromide (8 grains 
1000 cc Water to make 80 fluid ounces 


By increasing or decreasing the quantity of ‘Kodalk’ Balanced Alkali 
in the formula it is possible (a) to increase or decrease the contrast 
obtained in a given time of development; (b) to decrease or increase 
the time of development without affecting the contrast. 


For dish development, use without dilution and develop for about 3 min- 
utes. For tank development, dilute with an equal volume of water and 
develop for about 8 minutes. 


REPLENISHER FOR DK-50 DEVELOPER 


Metric Avoirdupois 
grammes ‘Elon’ 175 grains 
30 grammes Sodium sulphite (anhyd.) 2 ounces 175 grains 
10 grammes  Hydroquinone 350 grains 
40 grammes ‘Kodalk’ 3 ounces 85 grains 
1000 cc Water to make 80 fluid ounces 


Add | fluid ounce (28 cc) for each unit of 80 square inches of material 
developed (up to a maximum equal to the total volume of the original 
developer). 


If the developer has been used diluted 1+1, the replenisher should be 
similarly diluted before being added to the developer. 
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D=-618 NEGATIVE DEVELOPER 





General dish or tank devel- 
oper for plates and films. 
Recommended for portrait, 
commercial, and technical 
record photography. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Stock Solution 


Metric Avoirdupois 
3-l grammes ‘Elon’ 110 grains 
90 grammes Sodium sulphite (anhyd.) 7ounces 90 grains 
2:1 grammes Sodium metabisulphite 74 grains 
5-9 grammes Hydroquinone 210 grains 
11-5 grammes Sodium carbonate (anhyd.) 405 grains 
1-7 grammes Potassium bromide 60 grains 
1000 cc Water to make 80 fluid ounces 


For dish development, take one part of the above stock solution to one 
part of water: develop for about 7 minutes. 


For tank development, take one part of the above stock solution to three 
parts of water: develop for about 14 minutes. 


D=-61aR _ rercenisHerR FOR D-6la DEVELOPER 


Replenisher for D-6la 
developer in tank use. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Stock Solution A 


Metric Avoirdupois 
5:9 grammes ‘Elon’ 33 grains 
180-0 grammes Sodium sulphite (anhyd.) 2 ounces 175 grains 
3-8 grammes Sodium metabisulphite 22 grains 
11-9 grammes Hydroquinone 70 grains 
3-1 grammes Potassium bromide 18 grains 
6000 cc Water to make 80 fluid ounces 
Stock Solution B 
240 grammes Sodium carbonate (anhyd.) 9 ounces 260 grains 
2000 cc Water to make 80 fluid ounces 


For use, take 3 parts Solution A and | part Solution B, and add to the 
tank of developer as required to maintain the level of the solution (up 
to a maximum amount equal to the total volume of the original 
developer). 


D-76 FINE-GRAIN DEVELOPER 


A medium-contrast, _fine- 
grain dish or tank developer 
for obtaining the maximum 
effective emulsion speed and 
shadow detail. Recom- 
mended for portrait, com- 
mercial, aero, and motion- 
picture negatives. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Metric Avoirdupois 
2° grammes ‘Elon’ 70 grains 
100 grammes Sodium sulphite (anhyd.) 8 ounces 
5 grammes  Hydroquinone 17S grains 
2 grammes Borax 70 grains 
1000 cc Water to make 80 fluid ounces 


Except where otherwise stated, use without dilution. 
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ID=-76R_ RepcenisHER FOR D-76 DEVELOPER 


Replenisher for D-76 
developer in tank use. 


Available as a ‘Kodak’ Packed 
Developer Powder. 


Metric Avoirdupois 
3. grammes ‘Elon’ 105 grains 
100 grammes Sodium sulphite (anhyd.) 8 ounces 
7:5 grammes Hydroquinone 265 grains 
20 grammes _ Borax | ounce 260 grains 
1000 cc Water to make 80 fluid ounces 


Use the replenisher without dilution and add to the tank to maintain 
the level of the solution (up to a maximum of 25 per cent of the original 
volume of developer). 


D=-76d surrereD-BORAX NEGATIVE DEVELOPER 


A medium-contrast dish or 
tank developer for motion- 
picture negatives and vari- 
able-density sound records. 


Metric Avoirdupois 
2 grammes ‘Elon’ 70 grains 
100 grammes Sodium sulphite (anhyd.) 8 ounces 
5 grammes  Hydroquinone 175 grains 
8 grammes Borax 280 grains 
8 grammes _ Boric acid (cryst.) 280 grains 
1000 cc Water to make 80 fluid ounces 


Use without dilution. 


By increasing the quantity of borax with a corresponding decrease in 
the boric acid content, the development rate is increased. By decreas- 
ing the borax and increasing the boric acid proportionately, the develop- 
ment rate is decreased. 


NOTE: The slight initial fog produced by a freshly mixed sample of 
this developer may be controlled by adding I5 grains of potassium 
bromide per gallon (0°25 gramme per 1000 cc) to the mixed developer. 


D=96 FINE-GRAIN DEVELOPER 


For black-and-white motion- 


picture negative films. 





Metric Avoirdupois 

750 cc Water 60 fluid ounces 
1-5 grammes ‘Elon’ 53 grains 

75 grammes Sodium sulphite 6 ounces 

1:5 grammes Hydroquinone 53 grains 
0:4 gramme Potassium bromide 14 grains 
4-5 grammes Borax 158 grains 

1000 cc Water to make 80 fluid ounces 


ID=-96R_ repLeNISHER FOR D-96 DEVELOPER 


Replenisher for D-96 devel- 
oper. 
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Metric Avoirdupois 
750 cc Water 60 fluid ounces 
2 grammes ‘Elon’ 70 grains 
80 grammes Sodium sulphite 6 ounces!75 grains 
2° grammes  Hydroquinone 70 grains 
5 grammes Borax 175 grains 
1000 cc Water to make 80 fluid ounces 


This replenisher should be used at the rate of 52 fluid ounces (1500 cc) 
for each 100 feet of 35mm film processed. 


D-158 DEVELOPER FOR ‘VELOX’ PAPER 


Developer for ‘Velox’ paper, 
and for cold-black tones 
on white glossy ‘Bromesko’ 
paper. 


Alternatively use the packed 
chemical—‘Velox’ Developer. 


Stock Solution 


Metric Avoirdupois 
3:2 grammes ‘Elon’ 110 grains 
50 grammes Sodium sulphite (anhyd.) 4 ounces 
13-3 grammes Hydroquinone | ounces 40 grains 
69 grammes Sodium carbonate (anhyd.) 5 ounces 220 grains 
0-9 gramme Potassium bromide 32 grains 
1000 cc Water to make 80 fluid ounces 


Dilute with an equal volume of water and develop ‘Velox’ paper for 
60-90 seconds. 


For cold-black tones on white glossy ‘Bromesko’ paper, add 2 fluid 
ounces (25 cc) of a solution made up from ‘Kodak’ Anti-Fog Powder to 
20 fluid ounces (250 cc) of the above stock solution and dilute to make 
80 fluid ounces (1000 cc); develop for |4-2 minutes. 


D=163 ‘ELoN-HYDROQUINONE DEVELOPER 


Normal to high contrast uni- 
versal paper developer; may 
also be used for negative 


materials as a dish developer. 


Recommended as a tropical 
developer for papers. 


Available as a ‘Kodak’ Packed 
or Liquid Developer. 


Stock Solution 


Metric Avoirdupois 
2:2 grammes ‘Elon’ 80 grains 
75 grammes Sodium sulphite (anhyd.) 6 ounces 
{7 grammes  Hydroquinone | ounce 160 grains 
65 grammes Sodium carbonate (anhyd.) 5 ounces 80 grains 
2-8 grammes Potassium bromide 100 grains 
1000 cc Water to make 80 fluid ounces 


FOR BROMIDE PAPERS 


For normal results dilute | part of the above stock solution with 3 parts 
of water. Develop for 13-2 minutes. 


For longer working life dilute | part of the above stock solution with 
| part of water. Develop for 14 minutes. 


FOR ‘BROMESKO’ PAPERS 


For normal warm-black tones, dilute | part of the above stock solution 
with 3 parts of water and develop for 14-2 minutes. 


FOR ‘VELOX’ AND CHLORIDE PAPERS 


For neutral-black tones, dilute | part of the above stock solution with 
| part of water and develop for I-I} minutes. Alternatively, diluce 
| part with 3 parts of water, and develop for |-2 minutes. 


For cold-black tones, take | part of the above stock solution and dilute 
with an equal quantity of water. Then add a solution made up from 
‘Kodak’ Anti-Fog Powder, according to the instructions, in the propor- 
tion of 4-4 fluid ounce to every 20 fluid ounces (2°5-5 cc to every 200 cc) 
of working-strength developer. Develop for |-2 minutes. 
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DA=163 tropical DEVELOPER FOR PAPERS 





A_ modification of D-163 
recommended for use at 
higher temperatures or 
when longer processing 
times are required. 


Available as a_ ‘Kodak’ 
Packed Developer Powder in 
overseas territories. 


Metric Avoidupois 
2:2 grammes ‘Elon’ 80 grains 
75 grammes Sodium sulphite (anhyd.) 6 ounces 


{7 grammes 
65 grammes 
2°8 grammes 


| ounce 160 grains 
5 ounces 80 grains 
100 grains 


Hydroquinone 
Sodium carbonate (anhyd.) 
Potassium bromide 


25 cc ‘Kodak’ Anti-Fog Powder 
stock solution 2 fluid ounces 
1000 cc Water to make 80 fluid ounces 


At temperatures of 24°-32°C (75°-90°F), dilute | part of the above 
stock solution with 3 parts of water and develop ‘Velox’ paper for 40 
seconds and ‘Bromesko’ and bromide papers for | minute. 





D-165 ‘ELON’ DEVELOPER 


Low-contrast dish developer 
for photogravure work, 
transparencies, and masks, 
and for papers and lantern 
plates when a softer result 
is wanted than that given 
by D-163. 


Alternatively use ‘Kodak’ Soft- 
Gradation Developer Powder. 


Stock Solution 


Metric Avoirdupois 
6 grammes ‘Elon’ 210 grains 
25 grammes Sodium sulphite (anhyd.) 2 ounces 
37 grammes Sodium carbonate (anhyd.) 3 ounces 
| gramme Potassium bromide 35 grains 
1000 cc Water to make 80 fluid ounces 


Dilute | part of the above stock solution with 3 parts of water. 


As a low-contrast developer for enlarging papers develop for 14-3 
minutes. 


D-170 ‘po-mr DEVELOPER 


A developer for bromide 
papers which, being free 
from ‘Elon’, may be suitable 
for use by sufferers from 
dermatitis (see Data Sheet 
PR-8). 
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Stock Solution 


Metric Avoirdupois 
25 grammes Sodium sulphite (anhyd.) 2 ounces 
| gramme Potassium bromide 35 grains 


200 cc Water to make 16 fluid ounces 

For use, dilute the above 16 fluid ounces (200 cc) or stock solution with 
water to make 80 fluid ounces (1000 cc) and dissolve in this 160 grains 
(4:5 grammes) of ‘Dolmi’. The diluted solution does not keep well and 
should be made up as required. 


Time of development for bromide papers: 14 minutes. 


‘ELON’-FREE SUBSTITUTE DEVELOPER 
D-173 FOR ‘VELOX’ PAPER 


A developer for use with Stock Solution 
‘Velox’ papers which, being Metric Avoirdupois 
free from ‘Elon’, may be 22:5 grammes Sodium sulphite (anhyd.) | ounce 350 grains 
suitable for use by sufferers 65 grammes Sodium carbonate (anhyd.) S ounces 85 grains 
from dermatitis (see Data 0-375 gramme para-aminophenol hydrochloride 13 grains 
Sheet PR-8). 7-5 grammes Hydroquinone 265 grains 
0-15 gramme Potassium bromide 5 grains 
1000 cc Water to make 80 fluid ounces 


For use, dilute with an equal volume of water and develop for 45 
seconds. 


D=175 TANNING DEVELOPER 


A tanning developer for the Solution A 
production of gelatine reliefs Metric Avoirdupois 
and stencils. 4 grammes Pyro 140 grains 
5 grammes Sodium sulphite (anhyd.) 175 grains 
1000 cc Water to make 80 fluid ounces 


Solution B 


28 grammes Sodium carbonate (anhyd.) Zounces 95 grains 
1000 cc Water to make 80 fluid ounces 


Mix equal parts of Solutions A and B immediately before use. 


DEVELOPER FOR M-R 
D=178 maxiMUM-RESOLUTION PLATE 





High-contrast developer for Stock Solution 
graticule-making and other Metric Avoirdupois 
very high-contrast work 90 grammes Sodium sulphite (anhyd.) 7 ounces 90 grains 
with the ‘Kodak’ M-R 45 grammes  Hydroquinone 3 ounces 265 grains 
Maximum-Resolution Plate. 18 grammes Sodium hydroxide (caustic 
soda) | ounce 190 grains 
30 grammes Potassium bromide 2 ounces 175 grains 
1000 cc Water to make 80 fluid ounces 


Use 2 parts stock solution to | part water. 
Develop Maximum-Resolution Plates for 3-4 minutes. 
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SOME ‘KODAK’ DEVELOPERS 


‘Kodak’ D-8 Maximum Contrast Developer 
Powder a su Se 


‘Kodak’ D-I! Developer Powder 


‘Kodak’ D-19b Developer Powder . 


‘Kodak’ D-I9bR Replenisher Powder 
‘Kodak’ DK-50 Developer Powder . 
‘Kodak’ DK-50R Replenisher Powder 
‘Kodak’ D-6la Negative Developer Powder 
‘Kodak’ D-61aR Replenisher Powder 
‘Kodak’ D-76 Fine-Grain Developer Powder 


‘Kodak’ 
Powder 


‘Kodak’ D-163 Developer 


D-76R_ Fine-Grain Replenisher 


“Microdol-X’ Developer . 


‘Microdol-X’ Replenisher 
‘Duostat’ Developer Powder 


‘Kodalith’ Developer Powder 

Kodalith’ Super Developer Powder 
‘Kodalith’ Fine-Line Developer Powder 
‘Kodak’ Soft-Gradation Developer Powder 


‘Kodak’ Quick-Finish Developer Powder . 


‘Velox’ Developer Powder 


Magenta Developer Powder 


SOME ‘KODAK’ CONCENTRATED 


‘Kodak’ Universal Developer 


‘Kodak’ DPC Developer . 


‘Kodak’ DX-80 Developer 


‘Kodak’ DX-80R Replenisher 


‘Kodak’ Dental X-ray Developer 


Extreme-contrast developer for process materials, etc. 


High or medium-contrast developer for process 
materials. 


High-contrast dish or tank developer for X-ray films, 
Scientific Places, and general clinical, aerial, infra-red, and 
industrial records. 


Replenisher for D-19b developer in tank use. 

General dish or tank developer for films and plates. 
Replenisher for DK-50 developer in tank use. 
General-purpose negative developer. 

Replenisher for D-6la developer in tank use. 


‘Elon’-hydroquinone-borax dish or tank developer for 
fine-grain negatives with high emulsion speed. 


Replenisher for D-76 developer in tank use. 

A universal powder or liquid developer for papers, giving 
normal or high contrast; suitable also as a dish developer 
for negative materials. 

Extra-fine-grain negative devcloper having minimum 
effect on film speed. 

Replenisher for ‘Microdol-X’ developer in tank use. 
High-contrast developer for processing document-copy- 
ing papers and films. 

For extreme-contrast process work with ‘Kodalith’ 
materials. 

For the production of line negatives on ‘Kodalith’ 
materials. 

For use with ‘Kodalith’ 
Technique. 

For use with films and plates when soft gradation is 
required. 

High-speed processing for recording or press work with 
normal materials, or with ‘Kodak’ Quick-Finish Panchro- 
matic Film. 

Normal developer for ‘Velox’ paper, giving blue-black 
image tone. 

For the production of dye-coupled magenta images. 


materials in the Fine-Line 


LIQUID DEVELOPERS 


Concentrated developer equally suitable for ‘Velox’, 
Bromide, and ‘Bromesko’ papers and for rapid develop- 
ment of all normal-contrast negative materials. Contains 
wetting and anti-fogging agents. 

Concentrated liquid developer for press and general- 
purpose work, and for the production of line negatives 
on ‘Kodalith’ materials. 

Concentrated developer for X-ray films, Scientific Plates, 
etc. 


Replenisher for DX-80 developer in tank use, and as a 
developer for X-ray and recording films when high-speed 
processing is required. 


Tank developer for use with dental X-ray films. 


Product names quoted thus ‘Kodak’ are trade marks 
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REVERSAL PROCESSING PROCEDURES 
AND FORMULAE 


Kopak formulae usually specify anhydrous sodium sulphite and sodium 
carbonate, but crystalline sodium thiosulphate (hypo). If the alternative 
forms of chemicals have to be employed, the quantity laid down in any 
formula containing these constituents must be adjusted as follows :— 


Crystalline sodium sulphite in place of anhydrous—multiply the 
weight by 2. 


Crystalline sodium carbonate in place of anhydrous—multiply the 
weight by 23. 


Anhydrous hypo in place of crystalline—multiply the weight by 3. 


Note—Unless specific instructions are given to the contrary, all chemicals 
should be dissolved in the order given in each formula. 


Reversal processing of ‘Kodak’ continuous-tone materials: The following 
method, giving direct positives from camera exposures, has been found 
to be of general application to ‘Kodak’ continuous-tone materials. The 
order of the processes is as follows :— 


1. After exposure, develop the material for 5-10 minutes at 68°F (20°C) in 
D.168 developer (undiluted), except for ‘Kodak’ Commercial Fine- 
Grain Sheet Film where the developer should be used diluted 1+1 
for the same time. 


. Wash in running water for 5 minutes. 

. Bleach in R.21, solution A, for 3-5 minutes. 

Wash in running water for 5 minutes. 

. Clear in R.21, solution B, for 2 minutes. 

Rinse in running water for § minute. 

Expose to white artificial light for 24 minutes. 

. Develop in D.158 developer (1+1) for 2-5 minutes at 68°F (20°C). 


. Rinse in running water and fix in a solution of F.54a or ‘Kodak’ Acid 
_ Fixing Salt with Hardener for 5 minutes. 


_ 
> 


. Wash in running water for the normally recommended time as given in 
the appropriate Data Sheet. When permanence is not a considera- 
tion, 15 minutes will be sufficient. 


Note—After the completion of bleaching (step 3) and until the completion 
of fixing (step 9), a ‘Wratten’ Series 0B (lime yellow) safelight may be 
used unless it is preferred to continue with the safelight recommended 
for the material: under no circumstances should these steps be under- 
taken in daylight or in tungsten lighting. 


Issue A Kodak Data Sheet 
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Reversal processing of ‘Kodak’ photomechanical materials: The follow- 
ing method is suitable for the reversal processing of ‘Kodaline’ sheet 
films and B.4, B.10 and P.25 plates. It is not suitable for the reversal of 
‘Kodalith’ materials, recommendations for which are given on page 3. 


1. After exposure develop the material for 5 minutes (with B.10 plates— 
3 minutes) at 68°F (20°C) in the modified D.8 developer (2+1) 
shown overleaf. 


. Rinse in running water for 1 minute. 

. Bleach in R.21, solution A, for 2-3 minutes. 

. Wash in running water for 5 minutes. 

. Clear in R.21, solution B, for 2 minutes. 

. Rinse in running watcr for 1 minute. 

. Expose for 1 minute to a 25-watt bulb at a distance of 1 foot. 


. Develop in D.158 developer (1+1) for 2 minutes at 68°F (20°C) (with 
‘Kodaline’ Ortho or Panchromatic shect films, an addition should be 
made of 9 grains (0:25 gramme) of potassium iodide to each 80 ounces 
(1 litre) of the working-strength developer). 
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9. Rinse in running water and fix in a solution of F.54a or ‘Kodak’ Acid 
Fixing Salt with Hardener for 2 minutes (with all ‘Kodaline’ sheet 
films—5 minutes in a relatively fresh bath). 


10. Wash in running water in an efficient washing vessel for 5 minutes. 


Note—After the completion of bleaching (step 3) and until the completion 
of fixing (step 9), a ‘Wratten’ Series OB (lime yellow) safelight may be 
used unless it is preferred to continue with the safelight recommended 
for the material; under no circumstances should these steps be under- 
taken in daylight or in tungsten lighting. 

If a high degree of permanence is required, the time of fixing, in step 9, 
should be increased to 5 minutes for all materials, and the time of washing, 
in step 10, to 30 minutes for ‘Kodaline’ sheet films or 15 minutes for 
plates. 





Reversal processing of M.R. ‘Kodak’ Maximum-Resolution Plates: The 
following method has been evolved particularly for the reversal processing 
of these plates :— 


1. After exposure, develop the plates for 3 minutes at 68°F (20°C) in D.178 
developer (2+1). 
. Wash in running water for 2 minutes. 
. Bleach in R.21, solution A, for about 45 seconds. 


2 

3 

4. Switch on room lights. 

5. Clear in R.21, solution B, for about 30 seconds. 

6. Wash in running water for 2 minutes. 

7. Expose close to a 100-watt bulb for 15 seconds. 

8. Develop in D.178 developer (2+1) for 3 minutes at 68°F (20°C). 


9. Wash in running water for 5 minutes and bathe for 2 minutes in clean 
industrial spirit to remove the yellow dye. 
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Reversal processing of ‘Kodalith’ materials: There are many occasions 
in line reproduction when a simple method of reversal can be a great 
advantage. The etch-bleach technique described below provides such a 
method. It is convenient to apply, and by its use negatives or positives 
can be produced much more rapidly than by the more conventional 
methods. 

The technique has particular application to the making of duplicates 
of line negatives or positives, especially where lateral reversal is required, 
and to the making of line positives for the deep-etch process, direct from 
line originals. 

In other fields of photography this technique may find application 
wherever a line image in relief is required. There being no gelatine 
remaining in non-image areas, the image may be fixed normally after 
bleaching, and subsequently dyed to any desired colour. 

The negative or positive which it is required to reverse may be exposed 
either in a camera or by contact. In either case it is necessary to expose 
right through to the base of the material, and in order to ensure this an 
additional 10-15 per cent. exposure should be given over that normally 
required. 

If the still development technique is used, as described below, the 
additional exposure should be of the order of 15-20 per cent. Over- 
exposure should be avoided; it results in loss of fine detail and of maxi- 
mum density. 


1. First development: Full development should be given in ‘Kodalith’ 
Developer; 24-3 minutes at 68°F (20°C) is recommended. 

However, for the direct reproduction of very fine-line originals, 
the still development technique is recommended using ‘Kodalith’ 
Developer and not the normally recommended ‘Kodalith’ Fine Line 
Developer. The exposed material should be placed, face uppermost, 
in a dish containing a good depth of the developer, at a temperature 
of 68°F (20°C), which has, immediately before, been vigorously 
agitated. The solution should then be agitated for approximately 
20-30 seconds, and development allowed to continue without agitation 
for a total time of 24-3 minutes. 

Development by inspection is recommended both for the normal 
and the still techniques, so that the image may be seen to have been 
developed right through to the base. When viewed from the emul- 
sion side the image will give the appearance of very high density. 


2. Stop bath: The developed material should be immersed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or a stop bath made up 
according to Kodak formula SB.la. The recommended time is 
15 seconds with continuous agitation. 


3. Etch-bleach bath: The silver image should be cleared right through to 
the back of the material by immersing and continuously agitating in 
a solution made up according to Kodak formula EB.2. 
At this stage the room lights may be switched on and the remaining 
stages undertaken in white light. 
As the bleaching proceeds the developed areas of the emulsion are 
softened and become detached from the support. * 





* Note: Hydrogen peroxide solution tends to decompose on storege. If the peroxide is weak the 
gelatine wil] not wash off although the copper salt will continue to bleach the image. In an emer- 
gency, if it is suspected that the peroxide is weak, the proportion of hydrogen peroxide solution may 
be increased. The bleaching wil! be somewhat slower but the final result should be satisfactory. 
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The hands should be thoroughly washed after any contact with the 
etch-bleach, since it is essential to avoid any contamination, particu- 
larly of the first developer or of unprocessed photographic material. 


4. Rinse: At least 15 seconds should be given under cold running water to 
ensure the removal of all traces of softened gelatine. A swab of wet 
cotton wool should be used very lightly and with little pressure. 


5. Re-exposure: The normal handling of the material in room lighting is 
usually sufficient for exposure provided that both sides of the ‘Koda- 
lith’ material have been exposed. If the room lighting is weak both 
sides of the material should be given a few seconds exposure to a 
100-watt lamp. No harm will result from over-exposure as all the 
remaining silver must be exposed. 


6. Re-development: Develop in D.8, or D.158 developer until the 
image has completely blackened; all the above developers should 
be used undiluted. The ‘Kodalith’ Developer used for the first 
development may here be used again, but it acts more slowly than 
any of the above developers and requires some 5-6 minutes’ develop- 
ment at normal temperatures. 


7. Stop-bath : Repeat of Step 2. 


8. Hardener: At this stage, the gelatine of the material is in a softened 
condition and some form of hardening is desirable. This may be 
given either in a normal acid hardening fixing-bath, or in a specially 
prepared hardening bath such as a solution of ‘Kodak’ Liquid 
Hardener, Kodak formula F.53, or one of the accepted formalin 
formulae. 


9. Reducer: This step is optional; it is necessary only when the original 
exposure was insufficient and, consequently, a background density 


remains. Use should be made of Farmer’s reducer—Kodak formula 
R.4a. 


10. Wash: For normal commercial use, 5 minutes’ washing in running water 
is usually adequate. However, when permanence is a consideration, 
more stringent recommendations must be observed. Further details 
concerning this aspect may be found in Data Sheet RF-6. 


FORMULAE 


SECOND DEVELOPER FOR ‘KODALITH’ 
D.8 MATERIALS 








Metric Stock Solution Avoirdupois 


90:0 grammes Sodium sulphite (anhyd.) 7 ounces 90 grains 


45-0 grammes Hydroquinone 3 ounces 265 grains 
37°5 grammes Sodium hydroxide (caustic 
soda) 3 ounces 
30:0 grammes Potassium bromide 2 ounces 175 grains 
1000 cc Water to make 80 ounces 
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D.8 FIRST DEVELOPER FOR PHOTOMECHANICAL 
(MODIFIED) MATERIALS 








Metric Stock Solution Avoirdupois 
90-0 grammes Sodium sulphite (anhyd.) 7 ounces 90 grains 
45-0 grammes Hydroquinone 3 ounces 265 grains 
37-5 grammes Sodium hydroxide (caustic 
soda) 3 ounces 
30:0 grammes Potassium bromide 2 ounces 175 grains 
4:0 grammes Potassium thiocyanate 
(sulphocyanide) 140 grains 
1000 cc Water to make 80 ounces 





SECOND DEVELOPER FOR CONTINUOUS- 
TONE AND PHOTOMECHANICAL 


D.1$8  materiats 


Metric Stock Solution Avoirdupois 
3:2 grammes ‘Elon’ 110 grains 
50-0 grammes Sodium sulphite (anhyd.) 4 ounces 
13-3 grammes Hydroquinone ! ounce 40 grains 
69-0 grammes Sodium carbonate (anhyd.) 5 ounces 220 grains 
0-9 gramme Potassium bromide 32 grains 
1000 cc Water to make 80 ounces 


FIRST DEVELOPER FOR CONTINUOUS-TONE 


D.168 materiats 


Metric Avoirdupois 
2:0 grammes ‘Elon’ 70 grains 
90:0 grammes Sodium sulphite (anhyd.) 7 ounces 90 grains 
8-0 grammes Hydroquinone 280 grains 


44:5 grammes Sodium carbonate (anhyd.) 3 ounces 245 grains 


2:0 grammes Potassium thiocyanate 
(sulphocyanide) 70 grains 


1000 cc Water to make 80 ounces 
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FIRST AND SECOND DEVELOPER FOR 


D.IZ8 maximuM-RESOLUTION PLATES 


EB.2 


FY-3 





Metric Stock Solution Avoirdupois 
90 grammes Sodium sulphite (anhyd.) 7 ounces 90 grains 
45 grammes Hydroquinone 3 ounces 265 grains 
18 grammes Sodium hydroxide (caustic 
soda) | ounce 190 grains 
30 grammes Potassium bromide 2 ounces 175 grains 
1000 cc Water to make 80 ounces 


STOP BATH FOR ‘KODALITH’ MATERIALS 


Metric Avoirdupois 
1000 cc Water 80 ounces 
50 cc Acetic acid (glacial) 4 ounces 


ETCH-BLEACH BATH FOR ‘KODALITH’ 
MATERIALS 





Metric Solution A Avoirdupois 
750 cc Water at 125 -150 F (52 - 
66 C) 60 ounces 
120-0 grammes Copper sulphate 9 ounces 220 grains 
150:0 grammes Citric acid 12 ounces 
7'5 grammes Potassium bromide 260 grains 
1000 cc Water to make 80 ounces 
Solution B 


Hydrogen peroxide 3 per cent. solution 
(10 volume solution, as purchased) 


For use, mix equal parts of A and B solutions. It is preferable to 
use fresh etching solution for each film or plate. Nevertheless, if it is 
desired to use the etch bath several times for successive negatives, 
it should be replenished with approximately | ounce (30 cc) of 
3 per cent. hydrogen peroxide solution for each 8 10-in. film 
or plate, until the bleaching becomes too slow. 





Note: Hydrogen peroxide solution tends to decompose on storage. If the peroxide is 
weak, the gelatine will not wash off although the copper salt will continue to bleach the 
image. In an emergency, if it is suspected that the peroxide is weak, the proportion of 
hydrogen peroxide solution may be increased. The bleaching will be somewhat slower, 
but the final result will be quite satisfactory. 


F.53 


F.54a* 


R.4a 


ACID HARDENER STOCK SOLUTION 


Metric Avoirdupois 
50 grammes Sodium sulphite (anhyd.) 4 ounces 
75 cc Acetic acid (glacial) 6 ounces 
100 grammes Potassium alum 8 ounces 
1000 cc Water to make 80 ounces 


Dissolve the sulphite in 20 ounces (250 cc) of warm water about 
125°F (52°C) and allow to cool. Then add the acetic acid slowly 
and with constant stirring. Dissolve the potassium alum in about 
40 ounces (500 cc) of hot water and allow to cool to below 70 F 
(21 ‘C) before adding to the sulphite and acetic acid mixture. Finally 
make up to 80 ounces (I 000 cc) with cold water. 


ACID HARDENING-FIXING BATH 


Metric Avoirdupois 
500 cc Warm water 40 ounces 
400 grammes Sodium thiosulphate (hypo 
cryst.) 32 ounces 
To this, when cold, add: 
75 cc ‘Kodak’ Liquid Hardener 6 ounces 
(185 cc) (or F.53 Stock Solution) (15 ounces) 


Finally make up to total volume: 
1000 cc Water to make 80 ounces 





*Alternatively, use the packed chemical—‘Kodak’ Acid Fixing Salt with Hardener. 


FARMER’S REDUCER 





Metric Stock Solution A Avoirdupois 
75 grammes Potassium ferricyanide 6 ounces 
1000 cc Water to make 80 ounces 


Stock Solution B 


240 grammes Sodium thiosulphate (hypo 
cryst.) 19 ounces 


1000 cc Water to make 80 ounces 


For use, take | part of solution A, 4 parts of solution B, then add 
water 27 parts. Pour the mixed solution at once over the negative 
to be reduced. Watch closely. The action is best seen when the 
solution is poured over the negative in a white dish. When the 
negative has been reduced sufficiently, wash thoroughly before 
drying. 
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BLEACHING AND CLEARING BATHS 





Metric Stock Solution A—Bleaching Bath Avoirdupois 
1000 cc Water 80 ounces 
50 grammes Potassium bichromate 4 ounces 

50 cc Sulphuric acid (concentrated) 4 fluid ounces 


Dissolve the bichromate in the water, then add the sulphuric acid 
slowly, and with constant stirring, to the cold solution. For use 
dilute one part of stock solution with 9 parts of water. 


Solution B—Clearing Bath 


1000 cc Water 80 ounces 
50 grammes Sodium sulphite (anhyd.) 4 ounces 
| gramme Sodium hydroxide (caustic 35 grains 
soda) 


Use without dilution. 


Kodak, Wratten, Kodalith and Elon are trade marks 
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STOP, HARDENING, AND FIXING BATH FORMULAE 





Kopak formulae use the anhydrous form for solid chemicals unless it is 
otherwise desirable. In particular, they normally use anhydrous sodium 
sulphite, sodium sulphate, and sodium carbonate, but crystalline sodium 
thiosulphate (hypo). If the alternative forms of chemicals have to be 
employed, the quantity laid down in any formula containing these 
constituents must be adjusted as follows: 


Crystalline sodium sulphite in place of anhydrous—multiply the 
weight by 2. 


Crystalline sodium sulphate (decahydrate) in place of anhydrous— 
multiply the weight by 2}. 


Crystalline sodium carbonate in place of anhydrous—multiply the 
weight by 23. 


Anhydrous hypo in place of crystalline—multiply the weight by 3. 


NOTE—Unless specific instructions are given to the contrary, dissolve or 
mix all chemicals, in sufficient water, in the order given in each formula. 

Glass, glazed earthenware, polythene, polyvinyl chloride (PVC), and 
stainless steel are the materials most commonly used in the construction of 
containers for mixing and storing photographic solutions. All these 
materials may be used safely with any ordinary solution. Not all materials 
are suitable for use with photographic solutions, however; full details 
are given in Data Sheet PR-6 which contains a comprehensive survey of 
the suitability of various materials for use with a range of solutions. 


These formulae give quantities in both metric and UK units. One or other 
must be used exclusively, never a combination of the two, for the amounts 
given are not equivalent from one system to the other. 


SBe-I stop BATH 


Stop (rinse) bath for papers. Metric Avoirdupois 
1000 cc Water 80 fluid ounces 
13-5 ce Acetic acid (glacial) | fl oz 38 minims 


Rinse prints for 5-10 seconds. 


STOP BATH FOR 
SB=-la pHOTOMECHANICAL MATERIALS 


Metric Avoirdupois 
Stop (rinse) bath for photo- 1009 cc Water 80 fluid ounces 
mechanical materials. 35 cc Acetic acid (glacial) 2floz 384 minims 


Rinse for about 10 seconds. 
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SB=3 HARDENING STOP BATH 


Hardening stop bath for 
films and plates. For usein 
hot weather between devel- 
oping and fixing. 


Metric 


1000 cc 
30 grammes 


Avoirdupois 
80 fluid ounces 
2 ounces 175 grains 


Water 
Potassium chrome alum 


Agitate the negative for a few seconds immediately after immersion. 


Maximum hardening takes 3-5 minutes in a fresh bath. 


SB-4 TROPICAL HARDENING STOP BATH 


Tropical hardening stop bath 
after development for films 
and plates. For use at tem- 
peratures of 24°-32°C (75°- 
90°F). Used in conjunction 
with DK-15 developer. 


Metric 

1000 cc 
30 grammes 
140 grammes 


Avoirdupois 
80 fluid ounces 
2 ounces 175 grains 
11 ounces 90 grains 


Water 
Potassium chrome alum 
Sodium sulphate (cryst.) 


Agitate negatives for 30 to 45 seconds when they are first immersed, to 
avoid unevenness, and leave them for 3 minutes. After the equivalent 
of thirty 8 x 10-inch films per gallon have been treated, the bath should 
be replaced, otherwise scum markings will result. 


The freshly-made bath is a violet blue colour and keeps indefinitely 
while unused. A partially used bath deteriorates on standing for a few 
days, the colour changing to a yellow-green. 





SB-=5 stop BATH 





Stop (rinse) bath for films 
and plates. 


Metric Avoirdupois 
500 cc Water 40 fluid ounces 
9ec Acetic acid (glacial) 345 minims 
45 grammes Sodium sulphate (anhyd.) 3ounces 26 grains 


1000 ce Water to make 80 fluid ounces 


Rinse for about 30 seconds. 





F-5 ACID HARDENING-FIXING BATH 





Standard acid hardening-fix- 
ing bath for films, plates, 
and papers. 


As an alternative, Kodak 
‘Unifix’ Powder is available. 


Metric Avoirdupois 
240 grammes Sodium thiosulphate (hypo 
cryst.) 19 ounces 90 grains 
15 grammes Sodium sulphite (anhyd.) ! ounce 90 grains 
13-5 cc Acetic acid (glacial) 1 fl oz 38 minims 
7-5 grammes Boric acid (cryst.) 265 grains 
15 grammes Potassium alum | ounce 90 grains 


1000 cc Water to make 80 fluid ounces 

Films and plates will be fixed properly in 10 minutes if a freshly prepared 
nalts mt has been used. Prolonged immersion at high temperatures 
Is harmtul. 
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F-5a HARDENER STOCK SOLUTION 





A hardener for adding to a Metric Avoirdupois 
plain hypo solution to pro- 600 cc Water at about 50°C (122°F) 50 fluid ounces 
duceanacid hardening-fixing 75 grammes Sodium sulphite (anhyd.) 6 ounces 
bath. 65 cc Acetic acid (glacial) 5 fl oz 96 minims 

37°5 grammes Boric acid (cryst.) 3 ounces 

75 grammes Potassium alum 6 ounces 

1000 cc Water to make 80 fluid ounces 

As an alternative, ‘Kodak’ Add | part of the cool hardener stock solution to 4 parts of 30 per cent 
Liquid Hardener is available. hypo solution, while stirring the hypo rapidly. 





F=6 FIXING BATH 





In warm weather or in inadequately ventilated darkrooms the odour of sulphur dioxide given off by 
Kodak formula F-5 may be objectionable. This can be eliminated almost entirely by omitting the boric 
acid and substituting twice its weight of ‘Kodalk’ Balanced Alkali. This modification can also be used to 
advantage for fixing prints, since it washes out of photographic papers more rapidly than the baths 
which have a greater hardening action. It should be used in conjunction with a stop bath, such as 
‘Kodak’ Liquid Stop Bath with Indicator, or a solution made up according to Kodak formula SB-1, to 
obtain the full useful life. 





F=7 Rapip FIXING BATH 





This acid hardening-fixing Metric Avoirdupois 

Ba nee rie atone 600 cc Water at about 50°C (122°F) 50 fluid ounces 

rapidly than F-5 or F-6, and 360 grammes Sodium thiosulphate (hypo 

its useful fixing capacity is cryst.) 99 wunees 

greater. 50 grammes Ammonium chloride 4 ounces 
15 grammes Sodium sulphite (anhyd.) lounce 90 grains 
13-5 cc Acetic acid (glacial) | fl oz 38 minims 
7-5grammes_ Boric acid (cryst.) 265 grains 
15 grammes Potassium alum | ounce 90 grains 

1000 cc Water to make 80 fluid ounces 


WARNING: With rapid fixing baths, do not prolong the fixing time 

for fine-grain films or plates, or for any paper prints, otherwise the 

image may have a tendency to bleach, especially at temperatures 
As an alternative, ‘Kodafix’ higher than 20°C (68°F). This is particularly important in the case of 
Solution is available. warm-tone papers. 


F=9 rapip FIXING BATH 


If corrosion is encountered when using Kodak formula F-7 with stainless steel containers, it can be 
minimized by substituting 4 ounces 325 grains (60 grammes) of ammonium sulphate for the 4 ounces 
(50 grammes) of ammonium chloride given in the F-7 formula. 


F=24 acip FIXING BATH 


A non-hardening acid fixing Metric Avoirdupois 

bath. May be used for films, 500 cc Water at about 50°C (122°F) 40 fluid ounces 

plates, (or papers” when no 240 grammes Sodium thiosulphate (hypo 

hardening is required. cryst.) 19 ounces 90 grains 
10 grammes Sodium sulphite (anhyd.) 350 grains 

As an _ alternative, Kodak 25 grammes Sodium bisulphite 2 ounces 

‘Metafix’ Powder is available. 1000 cc Water to make 80 fluid ounces 
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HE=1 Hypo ELIMINATOR 





Hypo eliminators are not 
usually required in process- 
ing negative materials. In 
the case of prints, however, 
traces ofhypoaretenaciously 
held by the paper fibres and 
may lead to fading of the 
image on long keeping, espe- 
cially under tropical condi- 
tions. HE-1 used as directed 
converts the hypo to inert 
sulphate and also facilitates 
its removal. (Comm. No. 
780 from Kodak Res. Labs., 
Phot. J. 1940, p. 458.) 


Metric Avoirdupois 
500 cc Water 40 fluid ounces 
125 ce Hydrogen peroxide 3% soln. 

(10 vol. solution, as purchased) 10 fluid ounces 
100 cc Ammonia (3% solution*) 8 fluid ounces 
1000 cc Water to make 80 fluid ounces 


* To make an approximately 3% ammonia solution, dilute | part of 0-880 
ammonia with 9 parts of water. 


DIRECTIONS FOR USE: Treat the prints with ‘Kodak’ Hypo-Clearing 
Agent or wash them for about 30 minutes at 15° to 25°C (59° to 77°F) 
in running water which flows rapidly enough to replace the water in 
the vessel (dish or tank) completely once every five minutes, (Increase 
the washing time for lower temperatures. Double the washing time 
when double-weight prints are treated.) Then immerse each print 
for about six minutes at 20°C (68°F) in the hypo eliminator solution 
(HE-1) and finally wash for about ten minutes before drying. If used 
on plates, films, or lantern slides one part of the eliminator should be 
diluted with 10 parts of water, otherwise the emulsion may be rendered 
unduly tender. 


LIFE OF HE-f SOLUTION: About sixty 8x 10-inch prints or their 
equivalent per gallon (4°5 litres). 





ST=]  resipuat SILVER TEST SOLUTION 


Solution for testing the resi- 
dual silver - thiosulphate 
compounds” retained by 
films, plates, or papers. 


Metric Avoirdupois 
100 cc Water 4 fluid ounces 
2 grammes Sodium sulphide 36 grains 


Store in a small stoppered bottle for not more than 3 months. For 
use, dilute | part of this stock solution with 9 parts of water. The 
diluted solution has a limited storage life and should be replaced 
weekly. 


DIRECTIONS FOR USE: The thoroughness of fixing of films, plates, 
and particularly prints can be determined as follows:- 

Place one drop of the diluted ST-I solution on the margin of the pro- 
cessed material (or an unexposed piece of photographic paper processed 
with a batch of prints). Remove with a clean white blotter after 
2 or 3 minutes. Any coloration in excess of a just visible cream tint 
indicates the presence of silver compounds in the material. A sheet 
of paper processed in two fresh fixing baths, and thoroughly washed, 
can be used for a control test. 





HiT=2. resinuat Hypo TEST SOLUTION 


Solution for testing the de- 
gree of washing of films, 
plates or papers, and the 
effectiveness of hypo elimi- 
nation treatment of prints. 


FY-4 


Metric Avoirdupois 
750 cc Water 60 fluid ounces 
35 cc Acetic acid (glacial) 2 floz 384 minims 
7°5 grammes Silver nitrate 265 grains 


1000 cc Water to make 80 fluid ounces * 
Store in a screw-cap or glass-stoppered brown bottle away from strong 
light. Avoid contact of test solution with the hands, clothing, negatives, 
prints, or undeveloped photographic materials; otherwise black stains 
will ultimately result. 


TEST FOR WASHING: After washing, cut off a small strip from the 
clear margin of the film or print and immerse a portion of it in a small 
volume of the test solution for about 3 minutes. Any brownish 
discoloration of the treated strip indicates the presence of hypo and 
the degree of stain shows the relative amount of hypo. Well-washed 
films, including those for record purposes, should show little or no 
discoloration; with commercially washed films the tint may be dark 
brown. Well-washed prints usually give a light brown tint; a darker 
tint indicates insufficient washing. After testing, the treated strips 
should be discarded. 


TEST FOR HYPO ELIMINATION IN PRINTS: Prints that have been washed and then treated with a 
hypo eliminator can be tested for residual hypo as follows :— 


1 Cut off a small scrip from the clear margin of the print or from an extra piece of similar paper pro- 
cessed and treated with the print. 


2 Immerse a portion of the strip in a small volume of the HT-2 solution for 3 minutes. 


3 Make the treated area permanent by completely immersing the strip for 3 minutes in a 4°5 per cent 
solution of sodium chloride (common salt). 


4 Completely immerse the strip for 3 minutes in the following solution :— 


Metric Avoirdupois 
15 grammes Sodium sulphite (anhyd.) | ounce 90 grains 
45 grammes Sodium thiosulphate 
(hypo cryst.) 3 ounces 270 grains 
1000 cc Water to make 80 fluid ounces 


S Wash for 5-10 minutes. 
6 Dry before observing. 


When viewed by sufficiently strong transmitted light in comparison with the untreated portion, the 
treated test area should show no increase in density if the hypo elimination has been complete. 


SHI Formalin HARDENER 


Alkaline formalin hardener Metric Avoirdupois 

for films or plates. Recom- 10 ce Formalin (40% formaldehyde 

mended for the treatment of solution) 360 minims 

negatives when the emulsion 5 grammes Sodium carbonate (anhyd.) 175 grains 

would otherwise besoftened 1000 cc Water to make 80 fluid ounces 

considerably by chemical 

treatments as in the removal After hardening for 3 minutes in the above bath, negatives should be 

of several types of stains, rinsed and immediately immersed for 5 minutes in a fresh acid fixing 

intensification or reduction. bath and washed thoroughly before they are given any further chemical 
treatment. 


RELEVANT ‘KODAK’ PACKED CHEMICALS 


‘Kodak’ Liquid Stop Bath with Makes highly efficient stop bath for use with films, plates, or 

Indicator . . . eg papers. Changes colour on exhaustion. 

‘Kodak’ Liquid Hardener, age Lites 8 Used as an addition to hypo solution to form an acid 
hardening-fixing bath for films, plates, or papers. 

Kodak ‘Unifix’ Powder. . . Makes an acid hardening-fixing bath for films, plates, or 
papers. 

Kodak ‘Metafix’ Powder Makes an acid fixing bath for use when hardening is not 
required. 

‘Kodafix’ Solution. . . . A rapid, concentrated, liquid fixing bath incorporating its 
own hardener. 

‘Kodak’ Rapid Fixer . . A rapid concentrated liquid fixer, with optional hardener 


(Part B), for films, plates, or papers. Fixing time is approxi- 
mately one-third of that required by conventional hypo 


fixing baths. 
‘Kodak’ Quick-Finish Fixer Powder . For use in conjunction with Quick-Finish Developer. or on 
other occasions when ultra rapid fixing is required. 
“Kodak’ FX-40 X-ray Liquid Fixer. . A rapid concentrated liquid fixer for X-ray films. 
*Kodak’ HX-40 X-ray Liquid Hardener . For use with FX-40 above. 
‘Kodak’ Dental X-ray Fixer. . . e A concentrated liquid preparation for dental X-ray films. 
‘Kodak’ Hypo-Clearing Agent. . . . Facilitates the removal of hypo from films, plates, or papers, 


and is particularly useful for reducing washing times, with 
consequent saving of water. 


‘Kodak’ Anti-Calcium. Prevents or reduces the deposition of calcium scum on 
films and plates, and of scale on tank walls and other equip- 
ment. 


Kodak, and product names quoted thus—‘Unifix’—are trade marks 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODALK 
KODAFIX 

UNIFIX 
METAFIX 
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REDUCER, INTENSIFIER AND BLEACH FORMULAE 





Kopak formulae usually specify anhydrous sodium sulphite and sodium 
carbonate, but crystalline sodium thiosulphate (hypo). If the alternative 
forms of chemicals have to be employed, the quantity laid down in any 
formula containing these constituents must be adjusted as follows :-— 


Crystalline sodium sulphite in place of anhydrous—multiply the 
weight by 2. 


Crystalline sodium carbonate in place of anhydrous—multiply the 
weight by 23. 


Anhydrous hypo in place of crystalline—multiply the weight by :. 


Note—Unless specific instructions are given to the contrary, all chemicals 
should be dissolved or mixed, in sufficient water, in the order given in 
each formula. 


EB.2 eTCH-BLEACH BATH 





Solution A 


An etch-bleach bath for Metric Avoirdupois 
Photo mechanical use. 750 cc Water at 125’-150 F 60 ounces 
(52°-66" C) 
120°G grammes Copper sulphate 9 ounces 220 grains 
150-0 grammes Citric acid 12 ounces 
7°5 grammes Potassium bromide 260 grains 
1000 cc Water to make 80 ounces 


Solution B 


Hydrogen peroxide 3°% solution 
(10 volume solution, as purchased) 


For use, mix equal parts of A and B solutions. It is preferable to use 
fresh etching solution for each film. Nevertheless, if itis desired to use 
the etch bath several times for successive negatives, it should be reple- 
nished with approximately | ounce (30 cc) of 3 per cent. hydrogen 
peroxide solution for each 8 x 10-in. film, until the bleaching becomes 
too slow. 


NOTE : Hydrogen peroxide solution tends to decompose on storage. If the peroxide is weak, the gelatine 
will not wash off although the copper salt will continue to bleach the image. In an emergency, if it is 
suspected that the peroxide is weak, the proportion of hydrogen peroxide solution may be increased. 
The bleaching will be somewhat slower but the final result will be quite satisfactory. 


RR. persuLPHATE REDUCER 


Stock Solution 


Super-proportional reducer Metric Avoirdupois 

for over-developed negatives 1000 cc Water 80 ounces 

of contrasty subjects. 60 grammes Ammonium persulphate 4 ounces 350 grains 
cc Sulphuric acid (concentrated) 11S minims 


Add the sulphuric acid to the water very gradually, and with 
constant stirring. 


For use, take | part of stock solution and 2 parts of water. 


When reduction is complete, immerse the negative in an acid fixing 
bath for a few minutes, then wash. 
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R.2 PERMANGANATE REDUCER 





Cutting reducer for general 
use. For reducing density 
without loss of contrast. 
The stock solutions keep 
well but the mixture should 
be used immediately. 





Stock Solution A 


Metric Avoirdupois 
52°5 grammes Potassium permanganate 4 ounces 90 grains 
1000 cc Water to make 80 ounces 
Stock Solution B 
1000 cc Cold water 80 ounces 
32 cc Sulphuric acid (concentrated) 2 ounces 240 minims 


Add the sulphuric acid to the water very gradually, and 
with constant stirring. 


For use take: Stock solutionA ... | part 
Stock solution B 2 parts 
Water ... 64 parts 


When the negative has been sufficiently reduced, immerse it in a 2 per 
cent. solution of sodium bisulphite to remove the stain. Fix ina fresh 
acid fixing bath for a few minutes, after which wash thoroughly. 


It is very important to wash the negative thoroughly before giving this 
treatment—otherwise an iridescent irremovable scum may appear on 
the negative after drying. 


R44 FARMER’S REDUCER 


A cutting reducer for cor- 
recting over-exposure and 
clearing the shadow areas of 
negatives. Solutions A and 
B should not be combined 
until they are to be used. 
They will not keep long in 
combination. 


Stock Solution A 


Metric Avoirdupois 
7S grammes Potassium ferricyanide 6 ounces 
1000 cc Water to make 80 ounces 
Stock Solution B 
240 grammes Sodium thiosulphate 19 ounces 
(hypo cryst.) 
1000 cc Water to make 80 ounces 


For use, take | part of solution A, 4 parts of solution B, then add water 
27 parts. Pour the mixed solution at once over the negative to be 
reduced. Watch closely. The action is best seen when the solution 
is poured over the negative in a white dish. When the negative has 
been reduced sufficiently, wash thoroughly before drying. 





R.4DbB two-soLution FARMER’S REDUCER 





This formula has the advan- 
tage of giving almost propor- 
tional reduction, thus cor- 
recting for over-develop- 
ment by lowering contrast. 


Solution A 


Metric Avoirdupois 
7°5 grammes Potassium ferricyanide 260 grains 
1000 cc Water to make 80 ounces 
Solution B 
200 grammes Sodium thiosulphate 16 ounces 
(hypo cryst.) 
1000 cc Water to make 80 ounces 


Treat the negatives in solution A with uniform agitation for | to 4 
minutes at 65°-75° F (18°-24° C), depending on the degree of reduction 
desired. Then immerse them in solution B for 5 minutes and wash 
thoroughly. The process may be repeated if more reduction is desired. 
For the reduction of general fog, | part of solution A should be diluted 
with | part of water. 
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R.5 proportioNAL REDUCER 


A proportional reducer for Stock Solution A 
lowering the contrast of Metric Avoirdupois 
negatives. 750 cc Water 60 ounces 
0:3 gramme Potassium permanganate 11 grains 
16 cc Sulphuric acid (10% solution) | ounce 120 minims 
1000 cc Water to make 80 ounces 


Add the sulphuric acid to the water very gradually, and with 
constant stirring. 


Stock Solution B 


30 grammes Ammonium persulphate 2 ounces 175 grains 
1000 cc Water to make 80 ounces 


For use, take | part of solution A to 3 parts of solution B. When 
sufficient reduction is secured, the negative should be cleared ina | per 
cent. solution of sodium bisulphite. Wash the negative thoroughly 
before drying. 


To obtain consistent results it is recommended that distilled water (or 
water free from iron) be used in making up these stock solutions. 





R.8 MODIFIED BELITZSKY REDUCER 


A single solution cutting Metric Avoirdupois 
penuh poe well fe a 25 grammes Ferric chloride 2 ounces 

fan : a e tor profes- 75 grammes Potassium citrate 6 ounces 

sional oa ate sak ie ctse 30 grammes Sodium sulphite (anhyd.) 2 ounces 175 grains 
che: pecia ¥ suicable or 20 grammes Citric acid | ounce 260 grains 
the treatment of dense nega- 200 grammes Sodium thiosulphate 16 ounces 

tives, by lowering the con- (hypo eryst.) 

oun and clearing the sha- 1000 cc Water to make 80 ounces 


Use full strength for maximum rate of reduction. Treat negatives 
| to 10 minutes at 65°-70° F (18°-21° C). Then wash thoroughly. If 
a slower action is desired, dilute | part of solution with | part of water. 





R.I4 Non-stAINING REDUCER 


A non-staining reducer Stock Solution A 
principally for dot-etching Metric Avoirdupois 
half-tone negatives and 500 cc Water at 125°-140° F 40 ounces 
cleaning line negatives or (52°-60° C) 
BOSITIVES: 15 grammes Thiourea (thiocarbamide) lounce 90 grains 
700 grammes Sodium thiosulphate (hypo 56 ounces 
cryst.) 
1000 cc Water to make 80 ounces 


Stock Solution B 


750 cc Water at about 125° F(50° C) 60 ounces 
300 grammes Potassium ferricyanide 24 ounces 
1000 cc Water to make 80 ounces 


For dot-etching, take 25 parts of solution A and add 70 parts of water, 
then, immediately before use, add 5 parts of solution B. However, the 
activity of the reducer solution can be varied slightly by changing the 
proportions of solution A and water, as shown in the following table:— 


Activity Solution A Water Solution B 
Less active 50 parts 45 parts 5 parts 
More active 10 parts 85 parts 5 parts 


For cleaning line negatives or positives, add 5 parts of solution A to 
100 parts of water; then, immediately before use, add | part of solution 
B. After reduction, wash for a few minutes in running water, then dry. 


NOTE: Thiourea is a powerful fogging agent. The dry powder may remain suspended in the air for 
some time, and will contaminate photographic materials and cause black spots. When mixing or using 
solutions containing thiourea, the work should be conducted away from rooms where photographic 
materials are usually handled. It is difficult, simply by washing in water, to remove traces of this chemical 
from the hands and some types of containers. If they are contaminated, rinse in a dilute solution of 
sodium hypochlorite and then wash thoroughly in warm water. The solution can be prepared by adding 
! ounce (25 cc) of any commercial bleach—such as Voltas, Parazone, etc.—to 40 ounces (1000 cc) of 
water. 
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R.23 1oDINE LOCAL REDUCER FOR PRINTS 





A solution for removing veil 
and fog from prints 


Stock Reducing Solution 


Metric Avoirdupois 

30 grammes Potassium iodide | ounce 220 grains 

10 grammes lodine (resublimed) 220 grains 
200 cc Water to make 10 ounces 

Stop and Clearing Bath 
200 grammes Sodium thiosulphate 16 ounces 
(hypo cryst.) 

1000 cc Water to make 80 ounces 


To clean fogged prints, dilute | part of reducing solution with 10 parts 
of water and apply with cotton wool to soaked print after blotting off 
surplus water. To clear the iodine stain produced, immerse prints in 
the stop bath. If necessary this operation may be repeated after washing 
the prints sufficiently to remove hypo. 


To remove dark spots on a light ground apply the undiluted reducing 
solution on a fine camel-hair brush to the soaked and blotted print. 
Clear as above. 





R.25 SILVER ERADICATOR FOR PRINTS 


For the local removal of 
silver image, suitable for 
making alterations in tine 
images on document mater- 
ials other than films. 








Solution A 


Metric Avoirdupois 
750 cc Water 60 ounces 
8 grammes Potassium permanganate 280 grains 
16 cc Sulphuric acid (concentrated) | ounce 
1000 cc Water to make 80 ounces 


Add the sulphuric acid to the water very gradually and with 
constant stirring. 


Solution B 


240 grammes Sodium thiosulphate 


19 ounces 90 grains 
(hypo cryst.) 


10 grammes Sodium sulphite (anhyd.) 350 grains 
25 grammes Sodium metabisulphite 2 ounces 
1000 cc Water to make 80 ounces 


The prints must be well washed prior to this treatment or else a stain 
will result. Apply solution A with a glass rod (for fine work a camel- 
hair brush may be used, but this will be attacked in time) to cover 
thoroughly the area of silver deposit to be removed. Allow to remain 
for a few seconds and then remove excess liquid with a clean blotter; 
apply solution B in the same manner and blot off the excess. The black 
image gradually disappears under the action of solution A leaving a 
residual stain, which is removed by solution B. Finally, swab the 
treated area with a wad of slightly wet, clean cotton wool to remove 
excess reagent in the paper surface, using fresh water for each applica- 
tion. When extended storage of prints is required, they should be 
washed properly after application of solution B. 
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HINT mercury INTENSIFIER 





Amercury intensifier recom- 
mended where considerable 
intensification is desired. 
Where permanence of the 
resulting image is essential 
ammonia should not be used 
for blackening. 


WARNING : Cyanide is a deadly poison and should be handled with extreme care. 
acid to form poisonous hydrogen cyanide gas. 
run water to flush it out of the sink quickly. 


rooms. 





Metric 


22:5 grammes 
22:5 grammes 
1000 cc 


Avoirdupois 
| ounce 350 grains 
! ounce 350 grains 
80 ounces 


Potassium bromide 
Mercuric chloride 
Water to make 


Bleach the negative in the above solution until it is white, then wash 
thoroughly. The negative can then be blackened with 10 per cent. 
sulphite solution, a developing solution, such as formula D.163, or 10 
per cent ammonia; these give progressively greater density in the 
order given. 


Alternatively, to increase contrast greatly, treat with the following 
solution after bleaching : 


Metric Avoirdupois 
15:0 grammes Sodium or potassium cyanide | ounce 90 grains 
22:5 grammes Silver nitrate (cryst.) | ounce 350 grains 
1000 cc Water to make 80 ounces 


Dissolve the cyanide and silver nitrate separately, and add the latter to 
the former, until a permanent precipitate is just produced ; allow the 
mixture to stand a short time and then filter. 


It reacts with 
When discarding a solution containing cyanide, always 
Cyanide solutions should never be used in poorly ventilated 


IN.4 cHRomiuM INTENSIFIER 





An intensifier which permits 
of the degree of intensifica- 
tion being controlled by 
varying the time of re-devel- 
opment or by repeating the 
process. The intensification 
is approximately propor- 
tional, and is more perma- 
nent than that obtained 
with mercury intensifier. 


Stock Solution 
Avoirdupois 


7 ounces 90 grains 


Metric 
90 grammes Potassium bichromate 


64 «cc Hydrochloric acid 5 fluid ounces 
(concentrated) 
1000 cc Water to make 80 ounces 


For use take | part of stock solution and 10 parts of water. 


Bleach thoroughly, wash until the yellow stain is removed, and then 
re-develop with a non-staining developer, e.g., D.163, in artificial light 
or diffused daylight. Wash thoroughly and dry. If greater density is 
required, the operation may be repeated. The degree of intensification 
can be controlled by varying the time of re-development. 





NOTE: 


Fine-grain developers of the borax type containing a high concentration of sulphite, are not 


suitable for re-development since the sulphite tends to dissolve the silver chloride before the developing 
agents have time to act on it. 
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BN.S sitver iNTENSIFIER 





A proportional intensifier 
which will not change the 
colour of the image or affect 
its stability. Easily con- 
trolled by varying the time 
of treatment. Equally suit- 
able for positive and nega- 
tive film. 


Stock Solution No. | 
Metric (Store in a brown bottle) 


60 grammes Silver nitrate (cryst.) 
1000 cc Distilled water to make 


Avoirdupois 


4 ounces 350 grains 
80 ounces 


Stock Solution No. 2 


60 grammes Sodium sulphite (anhyd.) 


4 ounces 350 grains 
1000 cc Water to make 


80 ounces 
Stock Solution No. 3 


105 grammes Sodium thiosulphate (hypo 8 ounces 175 grains 


cryst.) 
1000 cc Water to make 80 ounces 
Stock Solution No. 4 
1S grammes Sodium sulphite (anhyd.) | ounce 90 grains 
24 grammes ‘Elon’ | ounce 405 grains 
3000 cc Water to make 240 ounces 


Prepare the intensifier solution for use as follows : Slowly add | part of 
solution No. 2 to I part of solution No. I, stirring to obtain thorough 
mixing. The white precipitate which appears is then dissolved by the 
addition of | part of solution No. 3. Allow the resulting solution to 
stand a few minutes until clear. Then add, while stirring, 3 parts of 
solution No. 4. The intensifier is then ready for use and the film should 
be treated immediately. The degree of intensification obtained de- 
pends upon the time of treatment, which should not exceed 25 minutes. 
After intensification, immerse the film for 2 minutes, with agitation, in 
plain 30 per cent. hypo (cryst.) solution. Then wash thoroughly. 


The mixed intensifier solution is stable for approximately 30 minutes 
at 68° F (20° C). 


All dishes used must be scrupulously clean and the operations should 
preferably take place in artificial light. 





IN.6 QUINONE-THIOSULPHATE INTENSIFIER 





An intensifier which pro- 
duces maximum intensifica- 
tion. (For further details 
see Comm. No. 996 from 
Kodak Res. Labs., Phot. J., 
86B, Jan-Feb., 1946, p. 32.) 


Solution A 


Metric Avoirdupois 
750 cc Distilled water at about 70°F 60 ounces 
(21° C) 
30 cc Sulphuric acid (concentrated) 2 ounces 96 minims 


22:5 grammes Potassium bichromate | ounce 350 grains 
1000 cc Distilled water to make 80 ounces 


Add the sulphuric acid to the water very gradually, and with 
constant stirring. 
Solution B 


750 cc Distilled water at about 70°F 60 ounces 
(21° C) 

3-8 grammes Sodium metabisulphite 133 grains 
15-0 grammes Hydroquinone | ounce 88 grains 
20° cc ‘Kodak’ Wetting Agent ! ounce 270 minims 

(10% solution) 

1000 cc Distilled water to make 80 ounces 

Solution C 

750 cc Distilled water at about 70°F 60 ounces 

(21° C) 
22:5 grammes Sodium thiosulphate (hypo | ounce 350 grains 

cryst.) 

1000 cc Distilled water to make 80 ounces 


For use, add 2 parts of solution B to | part of solution A while stirring ; 
then add 2 parts of solution C, continue stirring and finally add | part 
of solution A. The order of mixing is important and should be followed. 


Negatives should be washed for 5 to 10 minutes, and hardened in the 
alkaline formalin hardener SH.1 for 5 minutes at 68°F (20°C), and 
then washed for 5 minutes. Treat, with frequent agitation, for up to 
10 minutes at 68° F (20° C) in the above working solution, then wash 
10 to 20 minutes and dry as usual. When working in a dish, treat only 
one negative at atime. The intensifier should be freshly mixed before 
use, and should be used only once. 





NOTE: The intensified image is destroyed by acid hypo; under no circumstances should the intensified 
negatives be placed either in fixing baths or wash water contaminated with fixing bath. 
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GELATINE ADHESIVE 





This adhesive is for use when Metric Avoirdupois 
it is desired to attach a 500 cc. Water 40 ounces 
stripped film to a new base. 12:5 grams Granulated gelatine | ounce 
14. ce. Acetic acid (glacial) lounce 48 minims 
1000 c.c. Water to make 80 ounces 


It is advisable to brush round the edges after the transfer has been 
effected. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
ELON 
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REDUCER, INTENSIFIER, AND BLEACH FORMULAE 


Kopak formulae use the anhydrous form for solid chemicals unless it is 
otherwise desirable. In particular, they normally use anhydrous sodium 
sulphite, sodium sulphate, and sodium carbonate, but crystalline sodium 
thiosulphate (hypo). If the alternative forms of chemicals have to be 
employed, the quantity laid down in any formula containing these 
constituents must be adjusted as follows: 

Crystalline sodium sulphite in place of anhydrous—multiply the 

weight by 2. 

Crystalline sodium sulphate (decahydrate) in place of anhydrous— 

multiply the weight by 2}. 

Crystalline sodium carbonate in place of anhydrous—multiply the 

weight by 23. 

Anhydrous hypo in place of crystalline—multiply the weight by 3. 
NOTE—Unless specific instructions are given to the contrary, all chemi- 
cals should be dissolved or mixed, in sufficient water, in the order given in 
each formula. 


EB=3 &TCH-BLEACH BATH (GENERAL PURPOSE) 





Solution A 
Metric Avoirdupois 
A tch-bleach bath for 
reversal processing "Koda. | 750 cc Water at 30°-35°C (86°-95°F) 60 fluid ounces 
lith’ films and plates. 10 grammes Cupric chloride 350 grains 
10 grammes Citric acid 350 grains 
1000 cc Water to make 80 fluid ounces 
Solution B 


Hydrogen peroxide, 10 volume solution 
Caution: Store this solution in a brown bottle away from daylight 
and in a cool place. Use a loose-fitting cork rather than a screw cap 
to avoid bursting of the bottle owing to the liberation of oxygen gas. 
Insert a small-bore glass tube in the cork if a large bottle is used. 
Large-scale users should consult the manufacturers of peroxide on 
the best methods of storage. 


For use, mix equal parts of A and B solutions. One gallon of mixed 
solution is sufficient to process about 80 sheets of 8 x 10-inch film 
(1000cc, 20 sheets of 18 x 24-cm film). 


NOTE: Hydrogen peroxide solution tends to decompose on storage. If the peroxide is weak, the 
gelatine will not wash off although the copper salt will continue to bleach the image. In an emergency, 
if it is suspected that the peroxide is weak, the proportion of hydrogen peroxide solution may be 
increased. The bleaching will be somewhat slower but the final result will be quite satisfactory. 


ETCH-BLEACH BATH 
EB-4 (FOR AUTOMATIC PROCESSING) 


Solution A 
An etch-bleach bath for the Metric Avoirdupois 
automatic, _rack-and-tank 600 cc Water at 30°-35°C (86°-95°F) 50 fluid ounces 
reversal , processing of 10 grammes Cupric chloride 350 grains 
Kodalith’ films. 150 grammes Citric acid 12 ounces 
150 grammes Urea 12 ounces 
1000 cc Water to make 80 fluid ounces 
Solution B 


Hydrogen peroxide, 10 volume solution 
Caution: See Caution paragraph in formula EB-3. 


For use, mix equal parts of A and B solutions. One gallon of mixed 
solution is sufficient to process about 80 sheets of 8 x 10-inch film 
(1000cc, 20 sheets of 18 x 24-cm film). 





NOTE: Hydrogen peroxide solution tends to decompose on storage. If the peroxide is weak, the 
gelatine will not wash off although the copper salt will continue to bleach the image. In an emergency, 
if it is suspected that the peroxide is weak, the proportion of hydrogen peroxide solution may be 
increased. The bleaching will be somewhat slower but the final result will be quite satisfactory. 
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Rel persucpHATE REDUCER 


Super-proportional reducer 
forover-developed negatives 
of contrasty subjects. 


Stock Solution 
Avoirdupois 
80 fluid ounces 
4 ounces 350 grains 
115 minims 


Metric 


1000 cc Water 
60 grammes Ammonium persulphate 
3. ce Sulphuric acid (concentrated) 


Add the sulphuric acid to the water very gradually, and with 
constant stirring. 


For use, take | part of stock solution and 2 parts of water. 


When reduction is complete, immerse the negative in an acid fixing 
bath for a few minutes, then wash. 


R=2. pERMANGANATE REDUCER 


Cutting reducer for general 
use. For reducing density 
without loss of contrast. 
The stock solutions keep 
well but the mixture should 
be used immediately. 


Stock Solution A 
Avoirdupois 


4 ounces 90 grains 


Metric 
52°5 grammes Potassium permanganate 


1000 cc Water to make 80 fluid ounces 
Stock Solution B 
1000 cc Cold water 80 fluid ounces 
32 ce Sulphuric acid (concentrated) 2 ounces 240 minims 


Add the sulphuric acid to the water very gradually, and 
with constant stirring. 


| pare 
2 parts 
ae» 64 parts 


For use take: Stock solution A ... 
Stock solution B ... 
Water 


When the negative has been sufficiently reduced, immerse it in a 2 per 
cent solution of sodium bisulphite to remove the stain. Fix ina fresh 
acid fixing bath for a few minutes, after which wash thoroughly. 


It is very important to wash the negative thoroughly before giving this 
treatment—otherwise an iridescent irremovable scum may appear on 
the negative after drying. 





R=44 FarMer’s REDUCER 





A cutting reducer for cor- 
recting over-exposure and 
clearing the shadow areas of 
negatives. Solutions A and 
B should not be combined 
until they are to be used. 
They will not keep long in 
combination. 


Stock Solution A 
Avoirdupois 


6 ounces 
80 fluid ounces 


Metric 
75 grammes Potassium ferricyanide 
1000 cc Water to make 
Stock Solution B 


240 grammes Sodium thiosulphate 


(hypo cryst.) 
1000 cc Water to make 


19 ounces 
80 fluid ounces 


For use, take | part of solution A, 4 parts of solution B, then add water 
27 parts. Pour the mixed solution at once over the negative to be 
reduced. Watch closely. The action is best seen when the solution 
is poured over the negative in a white dish. When the negative has 
been reduced sufficiently, wash thoroughly before drying. 


S—  kh— 
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R=-4B two-soLuTion FARMER’S REDUCER 





This formula has the advan- 
tage of giving almost propor- 
tional reduction, thus cor- 
recting for over-develop- 
ment by lowering contrast. 


Solution A 
Avoirdupois 
265 grains 
80 fluid ounces 


Metric 


7°5 grammes Potassium ferricyanide 
1000 cc Water to make 


Solution B 


200 grammes Sodium thiosulphate 


(hypo cryst.) 
1000 cc Water to make 


16 ounces 
80 fluid ounces 


Treat the negatives in solution A with uniform agitation for | to 4 
minutes at 18°-24°C (65°-75°F), depending on the degree of reduction 
desired. Then immerse them in solution B for 5 minutes and wash 
thoroughly. The process may be repeated if more reduction is desired. 
For the reduction of general fog, | part of solution A should be diluted 
with | part of water. 


R=5 proportioNAL REDUCER 


A proportional reducer for 
lowering the contrast of 
negatives. 


Stock Solution A 


Metric Avoirdupois 
750 cc Water 60 fluid ounces 
0°3 gramme _ Potassium permanganate It grains 
16 cc Sulphuric acid (10% solution) | ounce 120 minims 
1000 cc Water to make 80 fluid ounces 


Add the sulphuric acid to the water very gradually, and with 
constant stirring. 


Stock Solution B 


Ammonium persulphate 
Water to make 


2 ounces 175 grains 


30 grammes 
80 fluid ounces 


1000 cc 


For use, take | part of solution A to 3 parts of solution B. When 
sufficient reduction is secured, the negative should be cleared ina! per 
cent solution of sodium metabisulphite. Wash the negative thoroughly 
before drying. 


To obtain consistent results it is recommended that distilled water (or 
water free from iron) be used in making up these stock solutions. 


R=8 moopiriep BELITZSKY REDUCER 


A single solution cutting 
reducer that keeps well ina 
tank. Suitable for profes- 
sional and motion picture 
use. Specially suitable for 
the treatment of dense nega- 
tives, by lowering the con- 
trast and clearing the sha- 
dows. 


Metric Avoirdupois 
25 grammes Ferric chloride 2 ounces 
75 grammes Potassium citrate 6 ounces 


2 ounces 175 grains 
! ounce 260 grains 
16 ounces 


30 grammes Sodium sulphite 

20 grammes Citric acid 

200 grammes Sodium thiosulphate 

(hypo cryst.) 

1000 cc Water to make 80 fluid ounces 
Use full strength for maximum rate of reduction. Treat negatives 
| to 10 minutes at 18°-21°C (65°-70°F), Then wash thoroughly. If 
a slower action is desired, dilute | part of solution with | part of water. 


FY-5 


R=14 NoN-STAINING REDUCER 





A non-staining reducer Stock Solution A 
principally for dot-etching Metric Avoirdupois 
halftone negatives and 500 cc Water at 52°-60°C 40 fluid ounces 
clearing line negatives or (125°-140°F) 
positives. {5 grammes Thiourea (thiocarbamide) lounce 90 grains 

700 grammes Sodium thiosulphate (hypo 56 ounces 

cryst.) 
1000 cc Water to make 80 fluid ounces 


Stock Solution B 


750 cc Water at about 52°C (125°F) 60 fluid ounces 
300 grammes Potassium ferricyanide 24 ounces 
1000 cc Water to make 80 fluid ounces 


For dot-etching, take 25 parts of solution A and add 70 parts of water, 
then, immediately before use, add 5 parts of solution B. However, the 
activity of the reducer solution can be varied slightly by changing the 
proportions of solution A and water, as shown in the following table: 


Activity Solution A Water Solution B 
Less active 50 parts 45 parts 5 parts 
More active 10 parts 85 parts 5 parts 


For cleaning line negatives or positives, add 5 parts of solution A to 
100 parts of water; then, immediately before use, add | part of solution 
B. After reduction, wash for a few minutes in running water, then dry. 


NOTE: Thiourea is a powerful fogging agent. The dry powder may remain suspended in the air for 
some time, and will contaminate photographic materials and cause black spots. When mixing or using 
solutions containing thiourea, the work should be conducted away from rooms where photographic 
materials are usually handled. It is difficult, simply by washing in water, to remove traces of this chemical 
from the hands and some types of containers. If they are contaminated, rinse in a dilute solution of 
sodium hypochlorite and then wash thoroughly in warm water. The solution can be prepared by adding 
I fluid ounce (25 cc) of any commercial hypochlorite solution such as ‘Domestos,’ ‘Parazone,’ ‘Voltas,’ 
etc., to 40 fluid ounces (1000 cc) of water. 


R=23 jiopINE LOCAL REDUCER FOR PRINTS 





A solution for removing veil Stock Reducing Solution 
and fog from prints Metric Avoirdupois 
30 grammes Potassium iodide | ounce 220 grains 
10 grammes _lodine (resublimed) 220 grains 
200 cc Water to make 10 fluid ounces 


Stop and Clearing Bath 


200 grammes Sodium thiosulphate 16 ounces 
(hypo cryst.) 
1000 cc Water to make 80 fluid ounces 


To clean fogged prints, dilute | part of reducing solution with 10 parts 
of water and apply with cotton wool to soaked print after blotting off 
surplus water. To clear the iodine stain produced, immerse prints in 
thestop bath. If necessary this operation may be repeated after washing 
the prints sufficiently to remove hypo. 


To remove dark spots on a light ground apply the undiluted reducing 
solution on a fine camel-hair brush to the soaked and blotted print. 
Clear as above. 
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R=25 sitver ERADICATOR FOR PRINTS 





For the local removal of 
silver image, suitable for 
making alterations in line 
images on document mater- 
ials other than films. 


Solution A 


Metric Avoirdupois 
750 cc Water 60 fluid ounces 
8 grammes Potassium permanganate 280 grains 
16 cc Sulphuric acid (concentrated) | ounce 
1000 cc Water to make 80 fluid ounces 


Add the sulphuric acid to the water very gradually and with 
constant stirring. 


Solution B 


240 grammes Sodium thiosulphate 
(hypo cryst.) 
10 grammes Sodium sulphite 
25 grammes Sodium metabisulphite 
1000 cc Water to make 


19 ounces 90 grains 


350 grains 
2 ounces 
80 fluid ounces 


The prints must be well washed prior to this treatment or else a stain 
will result. Apply solution A with a glass rod (for fine work a camel- 
hair brush may be used, but this will be attacked in time) to cover 
thoroughly the area of silver deposit to be removed. Allow to remain 
for a few seconds and then remove excess liquid with a clean blotter; 
apply solution B in the same manner and blot off the excess. The black 
image gradually disappears under the action of solution A leaving a 
residual stain, which is removed by solution B. Finally, swab the 
treated area with a wad of slightly wet, clean cotton wool to remove 
excess reagent in the paper surface, using fresh water for each applica- 
tion. When extended storage of prints is required, they should be 
washed properly after application of solution B. 


Nel mercury INTENSIFIER 


Amercury intensifier recom- 
mended where considerable 
intensification is desired. 
Where permanence of the 
resulting image is essential 
ammonia should not be used 
for blackening. 





Avoirdupois 


| ounce 350 grains 
} ounce 350 grains 
80 fluid ounces 


Metric 


22:5 grammes Potassium bromide 
22:5 grammes Mercuric chloride 
1000 cc Water to make 


Bleach the negative in the above solution until it is white, then wash 
thoroughly. The negative can then be blackened with 10 per cent. 
sulphite solution, a developing solution, such as formula D-163, or 10 
per cent ammonia; these give progressively greater density in the 
order given. 


Alternatively, to increase contrast greatly, treat with the following 
solution after bleaching : 


Metric 


15:0 grammes 
22:5 grammes 
1000 cc 


Avoirdupois 

| ounce 90 grains 

! ounce 350 grains 
80 fluid ounces 


Sodium or potassium cyanide 
Silver nitrate 
Water to make 


Dissolve the cyanide and silver nitrate separately, and add the latter to 
the former, until a permanent precipitate is just produced ; allow the 
mixture to stand a short time and then filter. 


WARNING: Cyanide is a deadly poison and should be handled with extreme care. It reacts with 
acid to form poisonous hydrogen cyanide gas. When discarding a solution containing cyanide, always 
run water to flush it out of the sink quickly. Cyanide solutions should never be used in poorly ventilated 


rooms. 
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TN=4 cHRoMmiUM INTENSIFIER 


An intensifier which permits 
of the degree of intensifica- 
tion being controlled by 
varying the time of re-devel- 
opment or by repeating the 
process. The intensification 
is approximately propor- 
tional, and is more perma- 
nent than that obtained 
with mercury intensifier. 


Stock Solution 
Avoirdupois 


7 ounces 90 grains 


Metric 
90 grammes Potassium dichromate 


64 «cc Hydrochloric acid 5 fluid ounces 
(concentrated) 
1000 cc Water to make 80 fluid ounces 


For use take | part of stock solution and 10 parts of water. 


Bleach thoroughly, wash until the yellow stain is removed, and then 
re-develop with a non-staining developer, e.g., D-163, in artificial light 
or diffused daylight. Wash thoroughly and dry. If greater density is 
required, the operation may be repeated. The degree of intensification 
can be controlled by varying the time of re-development. 





NOTE: Fine-grain developers of the borax type containing a high concentration of sulphite, are not 
suitable for re-development since the sulphite tends to dissolve the silver chloride before the developing 


agents have time to act on it. 


BIN=$  sitver INTENSIFIER 


A_ proportional intensifier 
which will not change the 
colour of the image or affect 
ies stability. Easily con- 
trolled by varying the time 
of treatment. Equally suit- 
able for positive and nega- 
tive film. 
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Stock Solution A 


Metric (Store in a brown bottle) 
60 grammes Silver nitrate 


Avoirdupois 
4 ounces 350 grains 


1000 cc Distilled water to make 80 fluid ounces 
Stock Solution B 
60 grammes Sodium sulphite 4 ounces 350 grains 
1000 cc Water to make 80 fluid ounces 


Stock Solution C 


105 grammes Sodium thiosulphate (hypo 
cryst.) 
Water to make 


Stock Solution D 


15 grammes Sodium sulphite 
24 grammes ‘Elon’ ! ounce 405 grains 
3000 cc Water to make 240 fluid ounces 


Prepare the intensifier solution for use as follows: Slowly add | part 
of solution B to | part of solution A, stirring to obtain thorough 
mixing. The white precipitate which appears is then dissolved by the 
addition of | part of solution C. Allow the resulting solution to 
stand a few minutes until clear. Then add, while stirring, 3 parts of 
solution D. The intensifier is then ready for use and the film should 
be treated immediately. The degree of intensification obtained de- 
pends upon the time of treatment, which should not exceed 25 minutes. 
After intensification, immerse the film for 2 minutes, with agitation, in 
plain 30 per cent hypo (cryst.) solution. Then wash thoroughly. 


8 ounces 175 grains 


1000 cc 80 fluid ounces 


| ounce 90 grains 


The mixed intensifier solution is stable for approximately 30 minutes 
at (20°C) 68°F. 


All dishes used must be scrupulously clean and the operations should 
preferably take place in artificial light. 


IN=6 auiNoNe-THIOSULPHATE INTENSIFIER 


An intensifier which pro- 
duces maximum intensifica- 
tion. (For further details 
see Comm. No. 996 from 
Kodak Res. Labs., Phot. j., 
86B, Jan-Feb., 1946, p. 32.) 


Solution A 


Metric Avoirdupois 
750 cc Distilled water at about 21°C 60 fluid ounces 
(70°F) 
30 cc Sulphuric acid (concentrated) 2 ounces 96 minims 
22°5 grammes Potassium dichromate | ounce 350 grains 
1000 cc Distilled water to make 80 fluid ounces 


Add the sulphuric acid to the water very gradually, and with 
constant stirring. 
Solution B 


750 cc COE) water at about 21°C 60 fluid ounces 
3-8 grammes Sodium metabisulphite 133 grains 
15:0 grammes Hydroquinone | ounce 88 grains 
20 cc ‘Kodak’ Wetting Agent | ounce 270 minims 
(10% solution) 
1000 cc Distilled water to make 80 fluid ounces 
Solution C 
750 cc Die) water at about 21°C 60 fluid ounces 
22:5 grammes ee (hypo 1 ounce 350 grains 
cryst. 
1000 cc Distilled water to make 80 fluid ounces 


For use, add 2 parts of solution B to | part of solution A while stirring ; 
then add 2 parts of solution C, continue stirring and finally add | part 
of solution A. The order of mixing is important and should be followed. 


Negatives should be washed for 5 to 10 minutes, and hardened in the 
alkaline formalin hardener SH-! for 5 minutes at 20°C (68°F), and 
then washed for 5 minutes. Treat, with frequent agitation, for up to 
10 minutes at 20°C (68°F) in the above working solution, then wash 
10 to 20 minutes and dry as usual. When working ina dish, treat only 
one negative atatime. The intensifier should be freshly mixed before 
use, and should be used only once. 


NOTE: The intensified image is destroyed by acid hypo; under no circumstances should the intensified 
negatives be placed either in fixing baths or wash water contaminated with fixer. 


GELATINE ADHESIVE 


This adhesive is for use when 
it is desired to attach a 
stripped film to a new base. 


Metric Avoirdupois 
500 cc Water 40 fluid ounces 

12:5 grammes Granulated gelatine | ounce 

14 cc Acetic acid (glacial) lounce 48 minims 
1000 cc Water to make 80 fluid ounces 


It is advisable to brush round the edges after the transfer has been 
effected. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODALITH 
ELON 


KODAK LIMITED LONDON 
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TONING FORMULAE 





Kopak formulae usually specify anhydrous sodium sulphite and sodium 


carbonate, but crystalline sodium thiosulphate (hypo). 


If the alternative 


forms of chemicals have to be employed, the quantity laid down in any 
formula containing these constituents must be adjusted as follows :— 


Crystalline sodium sulphite in place of anhydrous—multiply the 


weight by 2. 


Crystalline sodium carbonate in place of anhydrous—multiply the 


weight by 23. 


Anhydrous hypo in place of crystalline—multiply the weight by 3. 


Note—Unless specific instructions are given to the contrary, all chemicals 
should be dissolved in the order given in each formula. 


Toll iron TONER 


Toner for obtaining blue 
tones on lantern slides or 
films. 


Metric Avoirdupois 
0-5 gramme Ammonium persulphate 17 grains 
1-4 grammes Ferric ammonium sulphate 50 grains 
(ferric alum) 
3:0 grammes Oxalic acid 105 grains 
1:0 gramme Potassium ferricyanide 35 grains 
5:0 grammes Ammonium alum 175 grains 
| occ Hydrochloric acid 40 minims 
(10°% solution) 
1000 cc Water to make 80 ounces 
The method of compounding this bath is very important. Each of 


the solid chemicals should be dissolved separately in a small volume of 
water, the solutions then mixed strictly in the order given, and the 
whole diluted to the required volume. If these instructions are 
followed, the bath will be pale yellow in colour and perfectly clear. 


Immerse the slides or films from 2 to 10 minutes at 70°F (21°C) 
until the desired tone is obtained. Wash for 10 to I5 minutes until 
the high-lights are clear. A very slight permanent yellow coloration 
of the clear gelatin will usually occur, but should be too slight to be 
detectable on projection. If the high-lights are stained blue, then either 
the slide (film) was fogged during development, or the toning bath was 
stale, or not mixed correctly. 


Since the toned image is soluble in alkali, washing should not be 


carried out for too long a period, especially if the water is slightly 
alkaline. 
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T2501 HyYPo-ALUM TONING BATH 


Hypo-alum toner—a direct 
toning bath for papers. 


To prepare the hypo-alum toning bath, dissolve |6 ounces (200 grammes) 
of hypo in 80 ounces (1000 cc) of hot water, then add 33 ounces (44 
grammes) of ordinary potassium alum; stir well and boil for 2 or 3 min- 
utes; cool down to about 150°F (65° C) and add the following silver ripener. 


Dissolve 20 grains (0°5 gramme) of silver nitrate in | ounce (15 cc) of 
water and add, drop by drop (880) ammonia with vigorous stirring until 
the precipitate first formed is just re-dissolved, and stir the solution so 
formed into the hypo-alum mixture. In a further ounce (15 cc) of 
water dissolve 30 grains (I gramme) of potassium iodide ; add this also 
to the hypo-alum mixture and stir well. 


This bath can be used repeatedly. It may be kept up to its original 
bulk by the occasional addition of fresh solution, being discarded when 
it ceases to tone satisfactorily. 


Prints for toning by this method should be fixed as usual, briefly 
rinsed in water, soaked for 10 minutes in a saturated solution of potas- 
sium alum, rinsed and then toned at a temperature not exceeding 
140° F (60° C). After toning, sponge the prints with lukewarm water 
to remove sediment, and wash as usual. 


T.52 SULPHIDE SEPIA TONER 


Bleaching and re-develop- 


A. Bleaching Solution 


ment toner; sulphide method Metric Avoirdupois 
for bromide prints. SO grammes __— Potassium ferricyanide 4 ounces 
50 grammes Potassium bromide 4 ounces 
1000 cc Water to make 80 ounces 
B. Stock Sulphide Solution 
200 grammes Sodium sulphide (pure) 16 ounces 
1000 cc Water to make 80 ounces 
C. Toning Solution 
50 cc Stock Solution B 4 ounces 
1000 cc Water to make 80 ounces 


Available as ‘Kodak’ Sepia 
Toner in solution form. 


Bleach in solution A, wash until yellow stain is removed, and tone in 
solution C. Complete with brief washing in running water. Discard 
solution C after use. 


T.53 GOLD SULPHOCYANIDE TONING BATH 


For toning printing-out 
papers. 
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Solution A 


Metric Avoirdupois 

10 grammes Ammonium sulphocyanide 175 grains 
500 cc Water to make 20 ounces 

Solution B 
| gramme Gold chloride 15 grains 

500 cc Water to make 20 ounces 
FOR COLD, PURPLE-BLACK TONES 

50 cc Solution A 2° ounces 

5G cc Solution B 2° ounces 
500 cc Water to make 20 ounces 
FOR BROWN TONES 

12 cc Solution A $ ounce 

12 ec Solution B $ ounce 
500 cc Water to make 20 ounces 
FOR RED TONES 

6 cc Solution A $ ounce 

6 cc Solution B ounce 
500 cc Water to make 20 ounces 


T.55 seLENiIUM TONER 


A single-solution toner for 
“Bromesko’and other chloro- 
bromide papers and warm- 
tone lantern slides, yielding 
avariety of tones from brown 
to red-brown according to 
depth and colour of the 
developed image. Images 
toned in this bath may be 
further enriched by subse- 
quent toning in formulaT.52. 


Available as ‘Kodak’ Selenium 
Toner in concentrated solution 
form. 


Stock Solution 


Metric Avoirdupois 
50 grammes Sodium sulphite (anhyd.) 12 ounces 
6 grammes Selenium powder 210 grains 
190 grammes Ammonium chloride 15 ounces 
1000 cc Water to make 80 ounces 


Dissolve the sulphite in about 60 ounces (750 cc) of hot water, thenadd the 
selenium powder and boil for approximately 30 minutes. Any remain- 
ing insoluble matter should be filtered off. Allow the solution to cool; 
then add the ammonium chloride and stir until it is dissolved. Finally 
make up to the required bulk with cold water. 


For use dilute | part of stock solution with 5 parts of water. 
Prints should be fixed and well washed before toning in the above 


solution for 10 to 15 minutes at 68° F (20°C). Finally wash well before 
drying. 


T.56 suLeHipe-sELENIUM TONER 


Sulphide-selenium toner for 
chloro - bromide, chloride, 
and other papers which do 
not give a satisfactory tone 
in formula T.52. 


A. Bleaching Solution 


Metric Avoirdupois 
50 grammes __ Potassium ferricyanide 4 ounces 
50 grammes Potassium bromide 4 ounces 
1000 cc Water to make 80 ounces 
B. Stock Sulphide-Selenium Solution 

250-0 grammes Sodium sulphide (pure) 20 ounces 

5:‘7 grammes Selenium powder 200 grains 
1000 cc Water to make 80 ounces 

C. Toning Solution 

50 ce Stock solution B 4 ounces 
1000 cc Water to make 80 ounces 


Bleach in solution A, wash until the yellow stain is removed and tone 
in solution C. Complete with brief wash in running water. Discard 
solution C after use. 


‘KODAK’ PACKED TONERS 


‘Kodak’ Selenium Toner . 


‘Kodak’ Sepia Toner . 


A direct one-solution toner for brown tones on warm-tone 
prints. 


A two-solution sulphide toner for brown tones on prints, 
lantern slides and transparencies. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
BROMESKO 
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CLEANER AND STAIN-REMOVER FORMULAE 





Kopak formulae use the anhydrous form for solid chemicals unless 
otherwise desirable. Some of the formulae below specify anhydrous 
sodium sulphite. If the alternative form has to be employed, the quantity 
ae down in any formula containing this constituent must be adjusted as 
ollows : 


Crystalline sodium sulphite in place of anhydrous—multiply the 
weight by 2. 
NOTE—Unless specific instructions are given to the contrary, all chemicals 
should be dissolved or mixed, in sufficient water, in the order given in 
each formula. 


TCe=l pisH CLEANER 


A useful cleaner which will Metric Avoirdupois 

remove stains ar os 1000 cc Water . 80 fluid ounces 
AHR Prellaecily ev elo: 90 grammes Potassium dichromate 7 ounces 

pers, as well as silver stains, 96 cc *Sulphuric acid (concentrated) 8 fluid ounces 


and some dye stains. 
*Add the sulphuric acid slowly while stirring constantly. Never 
add the solution to the acid as the solution may boil and spatter 
acid on the hands or face, causing serious burns. 


Pour a small volume of the dish cleaner solution into the vessel to be 
cleaned. Rinse the solution around so that it has access to all parts 
of the vessel. Then pour off and wash the dish thoroughly with six 
or eight changes of water. Do not use to clean the hands. 


TC=3 bisH CLEANER AND HAND-STAIN REMOVER 


Dish cleaner and hand-stain . 
remover for silver and most Metri Solution A Avoirdupoi 
other stains. letric voirdupois 
1000 cc Water 80 fluid ounces 
2 grammes Potassium permanganate 70 grains 
4 cc * Sulphuric acid (concentrated) 150 minims 


*Add the sulphuric acid slowly while stirring constantly. Never 
add the solution to the acid as the solution may boil and spatter 
acid on the hands or face, causing serious burns. 


Solution B 
Metric Avoirdupois 
1000 cc Water 80 fluid ounces 
30 grammes Sodium metabisulphite 2 ounces 175 grains 
30 grammes Sodium sulphite 2 ounces 175 grains 


Cleaning dishes. To remove stains due to silver, silver sulphide and 
many dyes, pour a small quantity of solution A into the vessel and 
allow to remain for a few minutes; rinse well and replace with a similar 
volume of solution B. Agitate so as to clear the brown stain completely, 
then wash thoroughly. 


Cleaning the hands. To clean stains from the nails and skin, remove 
rings from the fingers and immerse the hands for | to 3 minutes in 
solution A contained in a glass or other suitable vessel, gently rubbing 
the stained areas. Rinse briefly in running water and immerse for a 
few minutes in solution B; then wash thoroughly, preferably in warm 
water. 
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S-6 DEVELOPER-STAIN REMOVER 


Removal of developer oxida- Stock Solution A 
tion stains from negatives. Metric Avoirdupois 
5:3 grammes Potassium permanganate 185 grains 
1000 cc Water to make 80 fluid ounces 


Stock Solution B 


75 grammes Sodium chloride 6 fluid ounces 
16 cc *Sulphuric acid (concentrated) | ounce 135 minims 
1000 cc Water to make 80 fluid ounces 


*In mixing Stock Solution B, care should be taken to see that 
the sodium chloride solution is cool before adding the sulphuric 
acid slowly while stirring constantly. Never add the solution to 
the acid as the solution may boil and spatter acid on the hands or 
face, causing serious burns. 


Use equal parts of A and B. 


The negative should first be hardened by immersion in a solution 
made up according to Kodak formula SH-I for 3 minutes, followed by 
5 minutes’ washing. The image is then bleached, an operation which 
should be complete in 3 to 4 minutes at 20°C (68°F). The brown 
stain of manganese dioxide is then removed by immersing the negative 
in | per cent sodium bisulphite solution. Then rinse well and develop 
in strong light with any non-staining developer, e.g., D-163 (diluted 
1 + 3). Caution: Do not use slow-working developers, such as D-76 
or ‘Microdol-X’ Developer, as they tend to dissolve the bleached 
image before the developing agents can act on it. 








S=10 Fixer-STAIN REMOVER 





Removal of fixer stains from Metric Avoirdupois 
clothing. 750 cc Water 60 fluid ounces 
75 grammes Thiourea (thiocarbamide) 6 ounces 175 grains 
75 grammes Citric acid 6 ounces 175 grains 
1000 cc Water to make 80 fluid ounces 


Thoroughly wet the stain with this solution and wait for the stain to 
disappear. Old stains may require more than one application and a 
longer time (several minutes) to disappear. The garment should then 
be thoroughly washed. It is recommended that a small quantity of 
the solution be applied to a hidden portion of the garment to determine 
whether bleaching or other damage occurs. 





NOTE: Thiourea is a powerful fogging agent. The dry powder may remain suspended in the air for 
some time, and will contaminate photographic materials and cause black spots. When mixing or using 
solutions containing thiourea, the work should be conducted away from rooms where photographic 
materials are usually handled. It is difficult, simply by washing in water, to remove traces of this chemical 
from the hands and some types of containers. If they are contaminated. rinse in a dilute solution of 
sodium hypochlorite and then wash thoroughly in warm water. The solution can be prepared by adding 
I fluid ounce (25cc) of any commercial hypochlorite solution, such as ‘Domestos,’ ‘Parazone,’ ‘Voltas,’ 
etc., to 40 fluid ounces (1000cc) of water. 
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CLEANER FORMULAE 





FOR CLEANING PROCESSING HANGERS AND CLIPS 


Dilute 5 fluid ounces (69 cc) of acetic acid (glacial) with water to make 80 ounces (1000 cc) of solution. 
Soak in this solution for one hour, and scrub in clean water. 


FOR STERILIZING VERTICAL TANKS 


Deep tanks should be scrubbed thoroughly with clean water, preferably by means of a double-sided 
brush. It is advisable to sterilize the developer tanks occasionally, especially during warm weather, in 
order to prevent bacterial growth. 


Stone tanks can be sterilized by scrubbing the sides and bottom with a paste of bleaching powder (chloride 
of lime) made by mixing the dry solid with water. The tanks can also be cleansed with a solution of 
sodium hypochlorite, prepared by adding a I0 per cent solution of sodium carbonate to a 4 per cent 
solution of bleaching powder until no more precipitate forms. The mixture is allowed to settle and the 
clear solution of sodium hypochlorite is decanted from the sediment. 


Tanks which have been sterilized should be thoroughly washed before use. 


FOR CLEANING VERTICAL TANKS 


Calcium scale may be loosened from the tank walls by leaving a 5 per cent solution of acetic acid (glacial) 
in the tank overnight. If stronger action is required, a 10 per cent solution may be used. 





RELEVANT ‘KODAK’ PACKED CHEMICALS 


Kodak’ Anti-Calcium . . . . « « Prevents or reduces the deposition of calcium scum on films 
and plates, and of scale on tank walls and other equipment, 
from developers prepared using hard water. 


‘Kodak’ Developer System Cleaner . . Loosens and removes deposits from the walls of developing 


tanks and associated equipment, e.g., replenisher lines and 
tanks. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
MICRODOL-X 
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LIST OF SECTIONS IN THE FIVE VOLUMES 


Ux 


RF 
GN 
CN 
EQ 
FT 


XR 
MD 
IN 
SC 
DC 
ED 


GE 
PR 
FY 


SE 
PL 
PP 


FM 


Index 

Reference 

General Technique 
Cinematography 
Equipment 

Filters 


Radiography 

Medical Applications 
Industrial Applications 
Scientific Applications 
Document Copying 
Educational Applications 


Colour Photography 
Processing 
Formulary 


Sensitized Materials 
Plates 
Papers 


Films 


TO CLOSE - Squeeze UPPER LEVERS together 





TO OPEN - Use LOWER LEVERS 








Twist first then squeeze 





MATERIALS. 








KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





SENSITIZED MATERIALS 





SE-| General Information on ‘Kodak’ Negative Materials. 
SE-2. General Classification of ‘Kodak’ Sensitized Materials. 
SE-3 ‘Kodak’ Scientific Plates. 


SE-4 Lengths of ‘Kodak’ 16 mm and Double 8 mm Cine, and 35 mm 
Miniature Films. 


SE-5 ‘Kodak’ Photographic Materials for Electron Micrography. 
SE-6 ‘Kodak’ Photographic Materials for Technical Use. 
SE-7 ‘Kodak’ Photographic Plates for Spectrography. 


SE-8 Characteristics, Choice, and Availability of ‘Kodak’ Recording 
Materials. 


SE-9 ‘Kodak’ Photo-Sensitive Resists in Industry. 
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SENSITIZED MATERIALS 





SE-| General Information on ‘Kodak’ Negative Materials 
SE-IA Contrast Index 

SE-2 General Classification of ‘Kodak’ Sensitized Materials 
SE-3 ‘Kodak’ Scientific Plates 


SE-4 Lengths of ‘Kodak’ 16 mm and Double 8 mm Cine, and 35 mm 
Miniature Films 


SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 
SE-6 ‘Kodak’ Photographic Materials for Technical Use 

SE-7 ‘Kodak’ Photographic Plates for Spectrography 

SE-9 ‘Kodak’ Photo-Sensitive Resists in Industry 
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SENSITIZED MATERIALS 





SE-| General Information on ‘Kodak’ Negative Materials 
SE-|A Contrast Index 

SE-2 General Classification of ‘Kodak’ Sensitized Materials 
SE-3 ‘Kodak’ Scientific Plates 


SE-4 Lengths of ‘Kodak’ 8 and 16 mm Cine, and 35 mm Miniature 
Films 


SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 
SE-6 ‘Kodak’ Photographic Materials for Technical Use 

SE-7 ‘Kodak’ Photographic Plates for Spectrography 

SE-9 ‘Kodak’ Photo-Sensitive Resists in Industry 
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SENSITIZED MATERIALS 


CONTENTS EDITION 

SE-| General Information on ‘Kodak’ Negative Issue D 
Materials 

SE-IA Contrast Index Issue A 

SE-2 General Data on ‘Kodak’ Sensitized Materials Issue G 

SE-3 ‘Kodak’ Scientific Plates and Films Issue E 

SE-4 Lengths of ‘Kodak’ 8 and 16 mm Cine, and Issue E 
35 mm Miniature Films 

SE-5 ‘Kodak’ Photographic Materials for Electron Issue C 
Micrography 

SE-9 ‘Kodak’ Photo-Sensitive Resists in Industry Issue B 


Associated Data Sheets in other sections 


RF-6 The Storage of Photographic Materials and Photographic 
Records 

RF-9 = The Prevention and Removal of Mould Growth on Photo- 
graphic Materials 

GN-5 = Photography in the Tropics 

GN-7 Methods of Increasing Emulsion Speed 

XR-1 ‘Kodak’ X-ray Film Speeds 

SC-7 Infra-Red Photography 

DC-| Photographic Copying of Documents 

DC-2 Stabilization Processing Techniques 

DC-3 Office Document Copying with ‘Kodak’ Copiers 

DC-4 The Diffusion-Transfer Process using Kodak ‘Instafax’ CT 
Materials 

Kodak and Instafax are trade marks KODAK LIMITED LONDON 
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GENERAL INFORMATION ON 
‘KODAK’ NEGATIVE MATERIALS 


Tuts Data Sheet gives further information to that contained under 
specific headings in the Data Sheets describing particular plates, papers, 
and films (in Sections PL, PP, and FM). 


Meter settings 

Meter settings are expressed in these Data Sheets in terms of ASA/B.S. 
(arithmetical), B.S. (logarithmic), and DIN (logarithmic), and the following 
table shows the relationship between these: 





ASA/B.S. B.S. DIN ASA/B.S. B.S. DIN 
10 21° Ul 125 32° 22 
12 22° 12 160 33° 23 
16 23° 13 200 34° 24 
20 24° 14 250 35° 25 
25 25° 15 320 36° 26 
32 26° 16 400 37° 27 
40 27° 17 500 38° 28 
50 28° 18 650 39° 29 
64 29° 19 800 40° 30 
80 30° 20 1000 4l° 31 

100 31? 21 1250 42° 32 





Further details may be found in Data Sheet RF-1, including tables 
giving meter settings for all ‘Kodak’ colour, cine, and negative materials. 


Safelighting 


The Data Sheets dealing with specific sensitized materials indicate the 
safelight filters which should be used with indirect and direct lighting, 
and a table giving recommendations for most ‘Kodak’ materials is con- 
tained in Data Sheet RF-2. 


Sizes and bases 


Most grades of sheet film and plates can be obtained in the sizes listed 
below. 


SHEET-FILM AND PLATE SIZES 


2 x 2 in (plates only) 4x 5 in 

23x 22 in (plates only) 43x 64 in (half-plate) 
24x 3% in (films only) 65x 84 in (whole-plate) 
2$x 3g in 8 x10 in 

34x 34 in (plates only) 10 x12 in 

34x 4 in (plates only) 12 x15 in 

34x 4¢ in (quarter-plate) 9 x12 cm 

34x 5% in (post-card) 13 x18 cm 
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PLATES—APPROXIMATE THICKNESS AND WEIGHT OF GLASS 


Size of Plate* Nominal Thickness | Weight per sq ft 
inches centimetres millimetres ounces 
— 45x 6 1-0 8 
2x2 5 x 5 1-0 8 
2 x10 5 x 25-4 1-0 8 
24x 34 _— 1-3 10-11 

— 65x 9 1-3 10-11 
23x 23 7x 7 1-3 10-11 
37x 3L 83x 8:3 1-3 10-I1 
35x 4¢ 83x 10°8 1-3 10-11 
35x 54 89x 14 1-3 10-11 

— 9 x 12 1-3 10-11 

_— 10 x 15 1-3 10-11 
4x5 10-2x 12:7 1-3 10-11 
4x10 10-2x 25-4 1-0 8 
4 x10 10-2x 25-4 1-6 12-13 
43x 64 12-1 165 1-6 12-13 
42x 6} I2-1x 16-5 2:8 21-24 

= 13 x 18 1-6 12-13 
6:x 8b 16-5x 21-6 1-6 12-13 
6ix 8 16-5x 21-6 28 21-24 

—_— 18 x 24 1-6 12-13 
8 x10 20°3x 25-4 1-6 12-13 
8 x10 20°3x 25-4 2:8 21-24 

—_ 24 x 30 2:2 16-18 
10 x12 25°-4x 30:5 2:2 16-18 
10 x12 25:4x 30-5 2:8 21-24 
ll x4 27°9x 35-6 2:2 16-18 

— 30 x 40 2:2 16-18 
12 x15 30°5x 38:1 2:2 16-18 
13 x16 33 x 406 2:2 16-18 
14 xI7 35°6x 43-2 2:2 16-18 
14 x18 35°6x 45-7 2:2 16-18 

_ 40 x 50 28 21-24 
16 x18 40-6x 45-7 28 21-24 
16 x20 40-6x 50°8 28 21-24 
18 x22 45-7x 55-9 2:8 21-24 
18 x24 45:7x 6l 2:8 21-24 

— 50 x 60 2:8 21-24 
20 x24 50-8x 61 2:8 21-24 
20 x26 50-8x 66 2:8 21-24 
20 x30 50-8x 76:2 3-3 25-28 
22 x32 55-9x 81:3 3-3 25-28 
24 x30 61 x 76:2 3-3 25-28 
24 x36 61 x 91°4 33 25-28 
30 x40 76-2 x 101-6 333 25-28 


* This schedule of sizes and thicknesses is based on British Standard 1406:1960. The prime sizes of 
plates are given in bold type. 


The plates usually employed for photomechanical purposes are available 
in larger sizes, and certain emulsions are normally stocked in other sizes 
for special purposes. 


Reciprocity-failure data 


The effect of reciprocity failure is of importance in the correct exposing 
of photographic materials. In the equation: 
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Effective exposure = I (intensity) x t (time) 

the factors J and ¢ are normally reciprocal, i.e., the effective exposure on 
the material will be constant if J is multiplied by, say, 10, and ¢ is divided 
by 10. Using general-purpose monochrome negative materials, this 
reciprocal relationship does hold closely enough for practical photographic 
work—for the range 1/l0th to 1/1000th second. Outside this range, 
the relationship between J and ¢ is no longer operative, i.e., reciprocity 
failure occurs. Asa result, the photographic material will be insufficiently 
exposed at longer or shorter exposure times and to an increasing extent 
with greater departure from this range. 

In practical terms, this means that at these extremes, the normal speed 
figure or meter setting of a material is too high, and if correct exposure 
is to be attained then the calculated or assessed exposure must be increased. 

The factor ¢ in an exposure need not, of course, be governed by a shutter 
speed. For example, with the use of electronic-flash equipment the usable 
duration of the flash may be shorter than the shutter speed used. In 
practice, however, it is normally only the high-powered studio units which 
produce a flash short enough to invoke the reciprocity law and so require 
an exposure correction. The flash of the portable units is usually con- 
siderably longer and within the range of exposure times given above. 

An associated effect with long exposure times is the tendency for the 
inherent contrast of a photographic material to increase; conversely, 
with very short exposure times, it tends to decrease. For short exposure 
times, the tendency towards reduced contrast can be corrected by increas- 
ing development, but for long exposures, development should be 
curtailed. 

Reciprocity failure—both high-intensity failure, at very short exposure 
times, and low-intensity failure, at long exposure times—is entirely 
independent of the wave-length of the exposing radiation, within the 
ultra-violet, visible, and infra-red regions of the spectrum; generally, 
however, with X-rays and gamma-rays, there is no reciprocity failure. 


Spectral-sensitivity curves 

The spectral-sensitivity curves given in the Data Sheets record the 
response of the material to the various colours of the spectrum. They 
are of two types, as illustrated by Figures | and 2, respectively. 





36 38 40 42 44 46 48 SO 52 54 S6 58 60 62 64 66 68 


3638 40 42 44 46 48 SO S2 SA S6 SB 60 62 64 66 68 


uv. | Blue | Green | Red | Blue | Green Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200°R) Noon Sunlight 


Figure | Spectral-sensitivity curves for ‘Panatomic-X’ Miniature Film. 
Left—to tungsten light (3200°K). Right—to mean noon sunlight. 
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Log Sensitivity 





Wave-length (mp) 


Figure 2 New-style spectral-sensitivity curves for ‘Panatomic-X°’ Miniature 
Film (developed in D-76 Developer) 


With the type of curve shown in Figure 1 the portion of the spectrum 
to which the material is sensitive is recorded horizontally, the scale used 
being wave-lengths in tens of millimicrons (m). The vertical height of 
the curve at any point indicates the relative sensitivity of the material to 
light of that particular wave-length on a logarithmic scale. 


Although the curves shown in Figure 1 are of great use, they have three 
limitations which must be borne in mind: 


| Owing to the type of apparatus on which the curves are made, the 
response is not uniform over the whole spectrum, especially in the ultra- 
violet region where the curve appears to end, though in actual fact all 
sensitized materials have some sensitivity in the ultra-violet down to about 
210 mu. The curves are, however, all quite consistent in their response 
and therefore it is permissible to use them to compare the colour sensiti- 
vities of the different materials. 


2 Although the variations in height in any one curve record the differences 
in speed of the material to light of corresponding wave-lengths, these 
curves cannot be used for comparing the overall speeds of different 
materials. This is because the curves are all adjusted to a standard height 
at a certain wave-length, in order to avoid having great inconsistencies in 
their heights which might lead to difficulty in deciding the true colour- 
sensitivity characteristics. Thus, for example, the sensitivity curves of 
0.250 and 0.800 plates prepared on this basis would be found to have the 
same height although the latter material has eight times the speed to 
daylight of the former. 


3 The shape of the curve naturally depends on the light-source used 
so this is stated under each curve. Those generally used are daylight 


(mean noon sunlight) and tungsten filament lighting of colour temperature 
3200°K. 
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Owing to their limitations, these curves are gradually being replaced 
by the type shown in Figure 2. These show the variation of log sensi- 
tivity with wave-length for a standard exposure time of 15 seconds. 
Sensitivity in this case, is defined as the reciprocal of the exposure 
(expressed in ergs,cm?) required to produce a specific density, above 
gross fog, when the material is processed as recommended. The new- 
style curves give more precise information about the absolute and relative 
sensitivities of the materials concerned for the following reasons: 


| Because the curves are plots of the absolute sensitivity of the material 
for monochromatic exposures (made at wave-length intervals of 10 mu) 
they do not show a spurious fall in sensitivity in the ultra-violet region, 
when this is included. Hence, they give a consistent response both in 
the visible and ultra-violet portions of the spectrum. 


2 As they are derived from the actual amount of energy (in ergs'cm?) 
required to produce a specific density, the curves can also be used to 
compare the speeds of any materials at a chosen wave-length, under the 
specified conditions of exposure, density, and processing. 


The curve shape may vary somewhat according to the density level 
specified. It should be realized that whilst the curves are strictly com- 
parable for the standard exposure time of 15 seconds, they do not neces- 
sarily indicate the maximum absolute speed attainable with a particular 
material which may be achieved at some other exposure time owing to 
its reciprocity failure characteristics. 


Image resolution and sharpness 


In the past, resolving-power values were published in Kodak Data 
Sheets for most ‘Kodak’ negative materials, expressed as the maximum 
number of black lines per millimetre that could be distinguished as 
separated in the negative photographic image. The value obtained 
depended on many factors, and was given for a specific test chart and 
contrast, at the optimum exposure, under the recommended processing 
conditions. 


Experience has shown, however, that resolving power so measured does 
not result in a classification of materials which is the same as that deter- 
mined by subjective judgment on the sharpness of either the negative or 
the positive image. In particular cases it has even been found that of two 
materials of different resolving powers, the better apparent sharpness is 
exhibited by that having the lower resolving power. The physical 
properties of an image which contribute to its subjective sharpness are 
currently the subject of intensive study, one aim of which is the formula- 
tion of an objective measurement of the ability of a material to give sharp 
pictures. Until this is achieved, resolving-power values, as given formerly, 
are being omitted. 


The characteristic curve 

An H. & D. or characteristic curve illustrates the behaviour of a photo- 
graphic material in diagrammatic form. It shows the relation between 
the amount of exposure given to the material and the opacity of the 
developed silver image. For convenience in interpretation, it is customary 


5 SE-1 


in constructing such curves to plot the logarithm of the opacity (known as 
the density) against the logarithm of the exposure. 

The curve is obtained by giving samples of the material a series of graded 
exposures, processing the samples under carefully controlled conditions, 
and measuring the resulting densities with the aid of special 
photometers. 

Each curve illustrates the behaviour of the material under some special 
set of conditions, and a different curve will result if any change is made in 
the exposing light-source, developer, time of development, or any of the 
other variables in the exposure and processing. Generally, however, the 
shape of the curve does not alter as much as its position, and curves 
determined under one set of conditions may often be of value in assessing 
the behaviour of the material under some other set of conditions. This 
is particularly true when comparing curves of two or more materials. 

The curves given in the Data Sheets illustrate the behaviour of the 
material under conditions of exposure and development most likely to be 
met in practice. 

Figure 3 shows three curves for a typical negative material. Each 
curve refers to a different time of development. It will be seen that 
each may be divided into three portions—portion AB in which the 
slope of the curve increases with increasing exposure, a straight-line 
portion BC in which the slope remains constant, and a portion CD in 
which the slope decreases with increasing exposure. These portions are 
usually referred to as the toe, or region of under-exposure, the straight-line 
portion, or region of correct exposure, and the shoulder, or region of over- 
exposure. The straight-line part of the curve is referred to as the region 
of correct exposure because throughout this region the opacity of the 
negative is proportional to the brightness of the subject. It is only within 
this region that equal brightness ratios in the subject, i.e., equal exposure 
ratios, are reproduced as equal density differences in the negative. In 
practice, however, it will be found that negatives whose range of densities 
lies almost wholly on the toe of the curve, i.e., within the region of under- 
exposure, may be quite capable of giving prints of excellent quality, and 
thus not under-exposed from a practical point of view. 

It will be seen that the glass or other base on which the emulsion is 
coated may have an appreciable density (indicated by the short horizontal 
line). The curves for the longer development times never quite touch 
this, however. This is due to the slight density, known as development 
fog density, which all developers produce even on unexposed materials. 
Fog density increases slightly within the range of recommended develop- 
ment times, but is negligible if the recommendations are followed. 

The slope, or steepness, of the curve is a measure of development 
contrast and is usually referred to as the gamma or Contrast Index of the 
material under the conditions specified. The gamma increases as 
developing time is lengthened, as shown in Figure 3, until a limiting value 
is reached. It may therefore be plotted against developing time for any 
particular material and the resulting time-gamma graph subsequently used 
to determine the developing time necessary to obtain any desired gamma. 
Time-gamma curves given in some of the Data Sheets for sensitized 
materials can be only an approximate guide to the contrast of the negative 
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obtained. This is because the gamma obtained for any developing time 
also depends on the degree of agitation of the developer, the temperature 
of development, and the exact chemical composition (which includes 
freshness) of the developer. These conditions are not all easily defined 
accurately, nor can they be easily reproduced under working conditions 
other than those under which the curve was originally determined. 
Also, unless the negative densities lie on the straight portion of the charac- 
teristic curve, which is not necessarily the case with modern materials, 
the gamma does not define the actual overall contrast of the negatives. 
The overall contrast is however, defined by Contrast Index (see Data 
Sheet SE-1A). 

For accurate work it is recommended that time-gamma or time-Contrast 
Index curves should be determined by each worker for his own particular 
set of conditions. For less accurate work, the figures and curves given in 
the Data Sheets will be a sufficient guide. 


The time-temperature relationship 


Variations in the temperature of the developer have a marked effect on 
the appearance of the image produced in a particular time of immersion. 
The recommended developing times given in most of the Data Sheets 
describing materials are based upon a developer temperature of 20°C 
(68°F) and, where possible, the solution should be maintained within 
0-5°C (1°F) of this figure during the whole of the developing time. If 
this is not possible, it is desirable to choose a temperature between 18° 
and 24°C (65° and 75°F) and adhere to that, modifying the time of develop- 
ing by reference to the time-temperature graph or table. 

The graph enables appropriate developing times to be determined for 
temperatures between 18° and 24°C (65° and 75°F). Where the diagonal 
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line already runs through the time recommended at 20°C (68°F), it is only 
necessary to read off direct the corresponding time at the temperature 
being employed. Where the diagonal line does not run through the 
time that would normally be used at 20°C (68°F), a line should be drawn 
parallel to it through the normal time concerned, and the time required 
at the working temperature read from this new line. In this way, at the 
working temperature, a negative will be obtained as similar as possible 
in contrast and density to that which would have been obtained by 
employing the recommended time at 20°C (68°F). Directions and 
formulae for development at temperatures above 24°C (75°F) will be 
found in Data Booklet GN-5. Development should not, under normal 
circumstances, be undertaken at a temperature below 13°C (55°F). 


Processing 


‘Kodak’ plates are supplied from stock, backed, and all ‘Kodak’ films 
are so designed that halation is reduced to a minimum. Except with 
35-mm miniature films, which are usually coated on a tinted base, the 
anti-halation backing is completely decolourized in the processing solu- 
tions in much less than the normal processing time of any material. 

The developing times given in the Data Sheets on negative materials are 
estimated to give the stated approximate gamma or Contrast Index, or 
a contrast suitable for a specific purpose. To obtain even development it 
is necessary to agitate the material in the developer for a few seconds every 
minute, or to agitate continuously. The former procedure is described 
in the Data Sheets as “ intermittent agitation”. When this standard is 
employed, as it will be for much tank development, the time required to 
produce the stated approximate gamma will be about 25 per cent greater 
than the time necessary when employing continuous agitation. It is 
recommended that not less than intermittent agitation be given. 

Specific details of the processing recommendations are given in the 
Data Sheets on particular sensitized materials, whilst more general 
information is given in Data Sheets PR-1 and PR-13. Additionally, 
details of the precautions necessary to ensure the archival permanence 
of photographic records are given in Data Sheet RF-6, and information 
on rapid drying may be found in Data Sheet PR-11. 


Kodak and Panatomic-X are trade marks 
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GENERAL CLASSIFICATION OF 
‘KODAK’ SENSITIZED MATERIALS 


For fuller information see the Data Sheet appropriate to each material 


COLOUR FILMS (Except cine films) 


































































































Reversal 
METER SETTIN 
KODAK INS DATA 
LIGHT-SOURCE “WRATTEN’ ASA/B.S SHEET 
FILTER >. | B.S. (log) | DIN (log) | NUMBER 
(arith.) 
‘EKTACHROME-X’ FILM, DAYLIGHT TYPE—E-2/E-4 

Daylight . . None 64 29° 19 
Photoflood lamp: No. 80B 20 24° 14 FM-IE 

3200°K lamps No. 80A 16 23° 13 

‘EKTACHROME’ SHEET AND ROLL FILM, DAYLIGHT TYPE—E-3 
Daylight... . . | None | so | 2 | 1 | Fmd 
‘EKTACHROME?’ SHEET FILM, TYPE B—E-3 

3200°K lamps : None 32 26° 16 
Photoflood lamps . No. 81A 25 25° 15 FM-ID 

Daylight 2. 2... No. 85B 25 25° 15 

HIGH-SPEED ‘EKTACHROME’ FILM, DAYLIGHT TYPE—E-2/E-4 

Daylight . . . None 160 33° 23 
Photoflood lamps No. 80B 50 28° 18 FM-IB 

3200°K lamps No. 80A 40 27° 17 

HIGH-SPEED ‘EKTACHROME’ FILM, TYPE B—E-2/E-4 

3200°K lamps ‘ None 125 32° 22 
Photoflood lamps No. 81A 100 31° 21 FM-1B 

Daylight . 2. 2... No. 85B 80 30° 20 

‘KODACHROME’ II FILM, DAYLIGHT TYPE 

Daylight . 2... . None 25 25° 15 
Photoflood lamps a No. 80B 8 20° 10 FM-2A 

3200°K lamps No. 80A 6 19° 9 











‘KODACHROME’ II FILM, TYPE A 





















Photoflood lamps None 40 27° 17 

3200°K lamps’. om fe No. 82A 32 26° 16 FM-2A 

Daylight . . 2. 2... No. 85 25 25° I 
‘KODACHROME-X’ FILM, DAYLIGHT TYPE 

Daylight . . | 

Photoflood lamp: 14 FM-2B 

3200°K lamps 13 


* These figures should be used with the Weston Master III meter; with all earlier models, a figure 
approximating to ¢ of these figures should be used. 
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Negative 










METER SETTING 







KODAK 
“WRATTEN’ 
FILTER 


DATA 


ASAIB.S. SHEET 


LIGHT-SOURCE 
(arith. | 8:5: (log) | DIN (log) | NUMBER 





‘EKTACOLOR’ PROFESSIONAL FILM, TYPE S 





Daylight . . . . None 100 31° 21 
Photoflood lampst . No. 80B 32 26° 16 FM-3 
3200°K lampst No. 80A 25 25° 15 

















‘EKTACOLOR’ PROFESSIONAL SHEET FILM, TYPE Lt 





















3200°K lamps : None 100-32§ 31°-26°§ 21-16§ 

Photoflood lamps . No. 81A 64 29° 19 FM-3 

Daylight No. 85 64 29° 19 
‘KODACOLOR-X’ FILM 

Daylight . 30° 20 

Photoflood lamp: 25° 15 FM-4A 

3200°K lamps 24° 14 


* These figures should be used with the Weston Master Ill meter; with all earlier models, a figure 
approximating to ¢ of these figures should be used. 

+ Enough light must be present to provide exposure times of |/lOth second or shorter. 

$ Do not expose for times shorter than |/l0th second or longer than 60 seconds. 

§ According to exposure time; full details in Data Sheet FM-3. 


CINE FILMS 


8 and 16mm colour reversal 





aha METER SETTING Pnesk 
LIGHT-SOURCE | ‘WRATTEN [cain ¢ SHEET 
FILTER (arith) | 8-5: (log) | DIN (log) | NUMBER 








8mm ‘EKTACHROME’ Il MOVIE FILM, DAYLIGHT TYPE 
Daylight . . . . | None | 25 | 25° | 15 | 














Photoflood lamp: No. 80B 8 20° 10 aL 
8mm ‘EKTACHROME’ I! MOVIE FILM, TYPE A 
Photoflood lamps. . . None 40 27° 17 
Daylight a No. 85 25 25° 15 = 
l6mm ‘EKTACHROME’ COMMERCIAL FILM, TYPE 7255 
3200°K lamps  . . . None 25 25° 15 
Photoflood lamps . . . No. 81 20 24° 14 FM-IA 
Daylight . * No. 85 16 23° 13 
Ié6mm ‘EKTACHROME?’ ER FILM, DAYLIGHT TYPE 
Daylight . . None 160 33° 23 
Photoflood lamps . . . No. 80B 50 28° 18 FM-1C 
3200°K lamps . . . . No. 80A 40 27° 17 











l6mm ‘EKTACHROME’ ER FILM, TYPE B 















3200°K lamps. None 125 32° 22 

Photoflood lamps No. 81A 100 31° 21 FM-IC 

Daylight . . No. 85B 80 30° 20 
‘KODACHROME’ Il MOVIE FILM, DAYLIGHT TYPE 

Daylight . 2. 2. None 25 25° IS 

Photoflood lamps No. 80B 8 20° 10 FM-2A 

3200°K lamps No. 80A 6 19° 9 











* These figures should be used with the Weston Master Ill meter; with all earlier models, a figure 
approximating to ¢ of these figures should be used. 
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METER SETTING 


KODAK a Tee SE DATA 
LIGHT-SOURCE “‘WRATTEN’ ASA/B.S. SHEET 
FILTER (arith.)* B.S. (log) DIN (log) NUMBER 








‘KODACHROME’ II MOVIE FILM, TYPE A 





Photoflood lamps . . . 
3200°K lamps . . . . 
Daylight . 2. 2. ww 






* These figures should be used with the Weston Master Ill meter; with all earlier models, a figure 
approximating to ¢ of these figures should be used. 


16mm monochrome 





METER SETTING 





NAME ASA/B.S. SHEET 
(arith.)* B.S. (log) DIN (leg) NUMBER 
Daylight | Tungsten | Daylight | Tungsten | Daylight | Tungsten 
Reversal 
“‘Plus-X’ Reversal Movie . . 50 40 FM-12 
‘Tri-X’ Reversal Movie . . 200 160 FM-I1 
Negative 
‘Plus-X’ Negative Movie. . 80 64 FM-6 
‘Tri-X’ Negative Movie . . 320 250 FM-5 
High-Contrast Pan Movie db ado FM-9 
High-Speed Infrared} { te an a 


* These figures should be used with the Weston Master III meter; with all earlier models, a figure 
approximating to ¢ of these figures should be used. 

+ Meter settings for this film will be found in Data Sheet FM-9. 

+ Available to special order only. 

§ Without a filter. 

** With ‘Wratten’ Filter No. 88A. 


X-RAY FILMS 


“‘WRATTEN’ DATA 


NAME AND NORMAL SAFELIGHT SHEET 
TYPE CONTRAST (INDIRECT NUMBER 
LIGHTING) 

Kod eile Very high High With FM-I7 
‘Kodirex’ . . . . ery hig ig ithout screens . = 
‘Industrex’ Type D. High High Without screens see FM-27 
‘Crystallex’ nl ad Medium High Without screens br & ) FM-28 
‘Microtex’ . . . Low High Without screens own FM-25 

Medical 
‘Kodirex’. . . . Very high High Without screens FM-17 
‘ , . High With screens FM-I5 

Royal Blue’ . Very high{ Medium Without screens Series 6BR 
: ‘ : High With screens (light FM-18 
Blue Brand’... High { Medium Without screens brown) 

: High With screens FM-16 

Standard . . . Medium { Medium Without screens 
Radiograph . Duplicating Series 6B 3 
Duplicating Low Medium radiographs (brown) FM-24 

Periapical, Series OB 
Dental High High interproximal, and (amber- FM-19 
Fast Dental X-ray . occlusal yellow) 





* The screens mentioned in this column are salt screens; lead screens are normally used in industrial 
radiography. 
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SHEET FILMS 
General photography 


METER 
SETTING* 





“WRATTEN’| pata 


COLOUR SENSITIVITY NORMAL | SAFELIGHT SHEET 

BNESMATE ASA/B.S. | B.S. | DIN | CONTRAST! (INDIRECT | NUMBER 
(arith.)t | (log) | (log) ) 

Commeraal FineGrain so | 28° | 18 Series | FM-39 

ommercial Fine-Grain . . dp } Medium aes - 
Orthochromatic 

Commercial Ortho . . . dt) } Medium Series 2 FM-34 

“Ortho-Royal’ 2... . Gs) } Medium red) FM-35 
Panchromatic 

“‘Plus-X’ Pan. 2. 1. 2. we Medium $Series 3 FM-36 

“Super-XX’ . 2. 1. 2 we Medium \ (dark { FM-37 

‘Panchro-Royal’ . . . . Medium green) FM-38 

“Royal-X’ Pan... we Medium { aro } Fm.44 


* For panchromatic materials these figures hold for daylight and tungsten equally; for the non-colour- 
sensitized and orthochromatic materials tungsten-light figures are given in parenthesis. 


+ These figures may be used with all Weston exposure meters. 


$ Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 


Process films 

















COLOUR SENSITIVITY | NORMAL |‘WRATTEN’ SAFELIGHT| DATO. 
AND NAME CONTRAST | (INDIRECT LIGHTING) NUMBER 
Non-colour-sensitized 

Process . 2... High Series OB (amber-yellow) FM-33 
Orthochromatic 

‘Kodalith’ Ortho, Type 3 3 FM-30 

‘Kodalith’ Transparent Stripping, 

Type 3 y 3 Ulera-high Series 1A (light red) | FM-40 

Kodalith ‘Autoscreen’ Ortho . FM-41 

‘Kodalith’ Super Ortho SOF.5. ; ; FM-42 

‘Kodalith’ Royal Ortho . Ultra-high Series 1A (light:red) FM-42A 


(with caution) 


Panchromatic 
‘Kodalith’ Pan 7 - Ultra-high FM-30A 
Separation-Negative, Type 1 . Medium *Series 3 (dark green) FM-43 
Separation-Negative, Type 2 . High 









* Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 
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ROLL FILMS 








SETTING RATTIEN | DATA 
COLOUR SENSITIVITY NORMAL | SAFELIGHT SHEET 
ANE: NATIE ASA/B.S. | B.S. | DIN | CONTRAST (GHNG) NUMBER 
(arith.)* | (log) | (log) 
Panchromatic 
‘Panatomic-X’ . . 2. . 40 27° FM-47 
‘Verichrome’ Pan . . . . 125 32° +Series 3 FM-49 
‘Plus-X’ Pan Professional . 125 32° (dark FM-48 
‘Tri-X’ Pan. 2 ww ee 400 37° green) FM-45 
“‘Tri-X’ Pan Professional . . 400 37° FM-46 
“Royal-X’ Pan . . 2 . 1250 42° Total darkness FM-50 


* These figures may be used with all Weston exposure meters. 
t Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 


MINIATURE FILMS 


General photography—35mm 







METER “WRATTEN’ 















Cotoursensitivity| SETTING NORMAL | SAFELIGHT | Stare 
AND NAME [acai] Bs. | DIN |CONTRAST| (INDIRECT | \iiapep 


(arith.)* | (log) | (log) LIGHTING) 


Panchromatic 
“Panatomic-X’ 
“Plus-X’ Pan . 
“‘Tri-X’ Pan 


(dark 


tSeries 3 { FM-51 
green) 





* These figures may be used with all Weston exposure meters. 
t Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 


Other 35mm films 


“WRATTEN’ DATA 
COLOUR SENSITIVITY PURPOSE NORMAL | SAFELIGHT SHEET 
AND NAME CONTRAST] (INDIRECT NUMBER 
LIGHTING) 
Non-colour-sensitized 
Fine-grain Positive . . . Making positive 
transparencies Medium Series 0B FM-56 
Recordak ‘Micro-File’ Fine- Printing from (amber- 
Grain Print, Type 5662 . . negatives High yellow) FM-57 
Panchromatic 

Recordak ‘Micro-File’ 
Panchromatic Type 5453* Document copying High FM-5S8 
Recordak ‘Micro-File’ AHU, tSeries 3 
Type5459 . 2. ww Document copying High (dark —_ 
Quick-Finish® . . 2. . . Ulera-rapid processing Medium green) FM-54 
‘Microdak’ . . . . . . | Copyingofradiographs Medium FM-61 

: ae oe 7 a : 
Infrared (IR 135) eries 

perres Medium (blue-green) 

High-Speed Infrared § photography. Total darkness t 





* Meter settings for these materials may be found in their respective Data Sheets. 

t Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 

$ Brief details and meter settings for these materials are given in Data Sheet SC-7. 

§ Available to special order only. 
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RECORDING MATERIALS 














ane SAME COLOUR | RELATIVE | NORMAL | Oiuee 
SENSITIVITY SPEED CONTRAST 
NUMBER 
Film ‘Linagraph’ Ortho . . | Orthochromatic Very high High _ 
‘Linagraph’ PanR.60. . Panchromatic Extreme Medium FM-60 
Paper ‘Linagraph’ RP.12 Print- See Data See Data PP-8A 
OU Beale, er a Sheet Sheet 
‘Linagraph’ Direct-Print ae Data me care PP-8B 
aie eet eet 
‘Linagraph’ 553. . . | f Blue-sensitive See Data See Data PP-8C 
Sheet Sheet 
‘Linagraph’ RP.30. . . Very high Medium } Bae 
‘Linagraph’ 480. . . . | Orthochromatic Rapid High 
Many other sensitized materials may be found useful for specific recording work. 
General photography 
SETTING* ETE | AEA 
COLOUR SENSITIVITY NORMAL | SAFELIGHT SHEET 
ARE NAME ASA/B.S. | B.S. (ISHTING) NUMBER 
(arith.)+ 
Orthochromatic 
©.250 Rapid Ortho 
Metallographic. . . . . 20 I Medium Series 2 PL-I1 
(8) (dark 
©.800 Super-Speed Ortho . (35) 35 2 Medium red) PL-12 
Panchromatic 
P 300 Rapid Panchromatic . 40 Medium tSeries 3 PL-18 
P.1200 Super Panchro-Press 400 Medium (dark PL-19 
P.1600 ‘Panchro-Royal’ . . 400 Medium green) PL-20 
Infra-red 
IR.ER. Infra-Red Extra-Rapid Medium Series 9 PL-30 


6§ 
(10§) (blue-green) 


* For panchromatic materials these figures hold for daylight and tungsten-light equally; but for the 
infra-red and orthochromatic materials tungsten-light figures are given in parenthesis. 


t+ These figures may be used with all Weston exposure meters. 


+ Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 


§ These figures allow for the use of a ‘Wratten’ filter No. 88A. 


Lantern plates 





: DATA 
‘WRATTEN’ SAFELIGHT 
NAME AND TYPE SHEET 
(INDIRECT LIGHTING) NUMBER 
L9 Bromide Lanern tard } Series 0B aberration) | pLa7 






Other plates 





COLOUR SENSITIVITY | NORMAL | ‘WRATTEN’ SAFELIGHT| oiiuey 
AND NAME CONTRAST | (INDIRECT LIGHTING) 
NUMBER 
Non-colour-sensitized 

B.4 Half-Tone . 2. 2... . Very high Series 00 (light yellow) PL-I 

B.10 High-Contrast Rapid- 

Ere itee. Be es cas high PL-2 

5 ine-Grain Regular . . . edium : PL-4 

Air-Survey Positive, Medium Series 0B (amber-yellow) 

Normaland Hard . ... . and high PL-32 
Orthochromatic 

‘Kodalith’ Ortho, Type3 . . . Ulera high Series 1A (light red) PL-10 

M-R Maximum-Resolution. . . Very high Series OB (amber-yellow) PL-29 
Panchromatic 

‘Kodalith’ Panchromatic . . . Ulera high PL-I5 

P.25 Half-Tone Panchromatic . . Very high PL-16 

P.200 Half-Tone Rapid *Series 3 (dark green) 

Panchromatic . . ..... High PL-17 

P.900 Colour-Separation . . . Medium PL-26 

Infra-red 
IR.30 Half-Tone Infra-Red . . . High Series 9 (blue-green) _ 





* Total darkness is recommended for complete freedom from safelight fog; see Data Sheet RF-2 or the 
Data Sheets on specific materials. 


Scientific plates: Full information may be found in Data Booklet SE-3, 


7 SE-2 


RECORDAK 
and 
product names quoted thus 
‘KODAK’ 


are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
SE-2 


TPSE-2/xWP104/10-66 


‘KODAK’ SCIENTIFIC PLATES 


THIS booklet is intended to supply information on the most desirable 
characteristics of photographic materials intended for scientific uses, and 
describes the plates marketed as ‘Kodak’ Scientific Plates. Scientific work 
involving photography can easily be ruined by use of unsuitable materials, 
and it is hoped that the data given here will help the reader to make the 
best choice for any particular purpose. In many cases, standard com- 
mercial plates will be quite suitable, but, in addition, Kodak Limited 
supplies to order Scientific Plates which are specially suited for specific 
purposes. 


Cases of difficulty can often be resolved by consideration of the results 
obtained on a trial plate, of as near the right kind as a guess will permit, 
but if difficulty is met, enquiry should be made to the Technical Advisory 
Department of Kodak Limited at Wealdstone, Harrow, Middlesex. 


MACROSCOPIC PROPERTIES 


Characteristic curve 


The amount of blackening of an exposed and developed photographic 
plate is measured by the common logarithm of the ratio of the amount 
of light made to fall upon it to the amount which emerges. This is called 
the density. If all the emergent light is collected—as in contact printing 
—the density so measured is called the diffuse density, while if only the 
light which preserves its original direction after passing through the 
material is collected—as in projection printing—the density is termed 
specular. When a plate has been given a series of exposures increasing 
in geometric progression, and has then been developed, the density first 
rises slowly from step to step and then more rapidly, and finally slows down 
again towards the maximum value. This effect is shown by a curve, 
usually known as the character- 
istic curve, such as in Figure 1. 
From a practical point of view, 
the important features of this 
curve are (1) the speed, or 
position along the log-exposure 
axis, (2) the contrast, represented 
by the gamma (y), i.e., the slope 
of the straight-line portion of the 
curve, and (3) the maximum 
density. The shape and position 
of this curve depend upon the 


DENSITY 


developer, and also upon the POGAEAPOSURE 
time and temperature of de- Figure | 
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velopment, particularly as re- 
gards contrast when the time of 
development is changed. They 
also depend upon the colour of 
the light to which the material is 
exposed, and upon whether the 
different exposure values are 
made by varying the intensity, or 
by varying the time of exposure. 
For scientific purposes the speed 
of the material will depend upon 
the conditions of use in any Figure 2 

particular application. The ex- 

posure is calculated as the intensity J of the light falling on the plate, 
multiplied by the time of exposure ¢, but these two are not reciprocal 
quantities. That is to say, for a given colour of light, and given 
development, the characteristic curve is not a function of Jt only. If the 
logarithm of the exposure necessary to produce a given density is plotted 
against the logarithm of the intensity of the light, a curve showing a 
minimum is obtained, as in Figure 2. These curves, which are usually 
termed reciprocity failure curves for brevity, vary somewhat from one 
emulsion to another. They are usually symmetrical round about the 
minimum but break away very sharply upwards at very low intensities. 
The maximum efficiency (at the minimum of the curve) of an exposure 
occurs when the exposure time is of the order of 1/100 to 1 second, and the 
speed of the plate diminishes as the exposure time increases or decreases 
above or below these values. For a limited range on the long exposure side, 
that is, for the exposure times from a few minutes to a few hours, the 
reciprocity failure curve may be taken as straight, in which case the 
effective exposure can be expressed approximately as equal to Ji? where 
pis aconstant less than unity. This is Schwarzschild’s law, of considerable 
use in astronomical photography. It has been found that the reciprocity 
failure curves, for the same 

material and the same time of 

development but for different 

colours of monochromatic ex- 

posing light, are parallel to each oe 
other (see Figure 3). This is 
equivalent to stating that the 

shape of a spectral sensitivity ee eee 
curve is independent of exposure 
time. Otherwise, the phe- 
nomenon of reciprocity failure 
would require that all exposures 
should be of the same duration, 
to permit direct comparison. Figure 3 


LOG It 


LOG 1 


LOG It 


LOG t 
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Use is frequently made of a rotating sector to reduce the effective 
intensity of a beam of light. In general, an exposure in instalments 
does not produce the same den- 
sity as a continuous exposure of 
equal average energy input, but 
this intermittency effect can be 
overcome by raising the fre- 
quency of intermittence suffici- 
ently; the exposure should be 
interrupted at least 100 and 
preferably 1000 times. 


SLOPE 


As the development time is 
increased, the slope of the middle 
part of the characteristic curve DEVELOPMENT-TIME 
increases up to a maximum value Figure 4 
as shown in Figure 4. When the 
development is prolonged, however, the plate begins to fog, that is, to 
acquire density where there has been no exposure. 


The table on page 7 shows the approximate speeds, at three different 
exposure times, of the eight basic emulsion Types. The speed figures 
refer to the combination of the emulsion Types with the Class O colour 
sensitizing; the colour sensitivity introduced by the use of other Classes 
may vary these figures. The gamma shown is achieved after 5 minutes’ 
development in undiluted ‘Kodak’ D-19b developer. 


Colour sensitivity 


If the plates are “‘ordinary’’ plates, that is to say, not specially sensi- 
sized, they respond only to ultra-violet and blue radiation. By proper 
addition of appropriate dyes to the emulsion, such plates can be converted 
to “orthochromatic”’ plates, sensitive to the green as well as to the 
ultra-violet and blue; ‘“‘panchromatic”’, sensitive to yellow and red in 
addition; or “‘infra-red’’, sensitive to light beyond the red end of the 
spectrum. The simplest way of obtaining an estimate of the distribution 
of sensitivity through the spectrum is by means of a wedge spectrograph. 
In this instrument the spectrum which is thrown upon the plate is graded 
in intensity from top to bottom on a logarithmic scale by means of a 
neutral optical wedge placed over the slit of the spectrograph. Thus, 
the developed image is graded in density from bottom to top and the point 
at which the density begins to be appreciable is higher the lower the 
sensitivity. Sensitivity curves for various sensitizings are given later. 


Density measurement 


Owing to the fact that the emulsion is composed of a large number of 
individual grains, each small enough to scatter light, the light coming 
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through the developed plate is not only reduced in intensity, but also 
diffused. Thus, the apparent density will depend upon the exact con- 
struction of the measuring or observing instrument. Very misleading 
results can easily be obtained if corresponding measurements are not made 
in exactly the same way. This does not mean that any specific means of 
measuring density or transmission is called for, but that such measure- 
ments must be made always in the same way, and with due regard to the 
results required. It would be an error, for instance, to compare a large 
patch, measured by a densitometer of the type normally used in photo- 
graphic work, with a small patch measured by a microphotometer, such as 
is used in spectroscopy. Equally it would be impossible to obtain 
accurate comparisons at high densities on a microphotometer of normal 
construction, since a density of 3-0 corresponds with a deflection of only 
1/1000 of the maximum on a microphotometer. 


MICROSCOPIC PROPERTIES 


The distribution of the grazns is inevitably somewhat irregular, and this 
leads to a grainy appearance when the developed plate is magnified. 
Apart from aesthetic considerations, this graininess has other effects 
noticeable in scientific work. It reduces the precision with which fine 
detail can be located owing to raggedness at the edge, as in spectrum lines 
or star images, and produces irregularity in microphotometer records. 
Fine detail in microphotometer records is smothered by this irregularity, 
but may sometimes be recognised if records from two or more negatives 
are compared. The same smothering effect on detail when the examina- 
tion is by the eye reduces the resolving power of the emulsion. 


Up to densities of 1-0 and 2:0 the irregularity produced in a micro- 
densitometer record is proportional to the square root of the density, 
approximately. The irregularity in a microphotometer record has a fairly 
flat maximum at about the middle of the scale. 


A satisfactory method of reducing the graininess without destroying 
definition, is by special development. Such development requires the use 
of “fine-grain” developers. These lead to some loss of speed, and also 
reduce the contrast of the negative. The latter feature is sometimes 
highly desirable, for it frequently happens that a plate of fine enough grain 
for a particular purpose is also too contrasty. Except in this case, the use 
of fine-grain developers is not to be recommended, for they are usually 
somewhat unstable, and not easy to use. But, even in this case, the con- 
trast might be satisfactorily reduced, and with some decrease of grain, by 
diluting the normal developer or shortening the development. An 
exception occurs when the image is exactly similar all along its length, as in 
spectrum lines. Then it is possible to superimpose one part of the line on 
another part, by optical and mechanical means, and by thus super- 
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imposing one set of irregularities on another, to reduce somewhat the total 
apparent irregularity. An excellent example of this device occurs in the 
“‘slitless microphotometer’’. 


As a result of the scattering of light at each grain, during the exposure 
of the plate, the light spreads out sideways from each point which receives 
illumination. Thus a strong spectrum line appears wider than it should, 
and photographic star images are larger than the optical images, even 
allowing for the movements caused by atmospheric disturbance. In 
astronomical work, advantage is taken of this scattering to measure the 
brightness of stars, since the brighter the star, the larger its image for a 
given time of exposure. In other respects, the phenomenon is an un- 
desirable one, for the spreading of the light over a larger area than the 
optical image means that the light is weakened in intensity and this 
contributes to the difficulty of photographing weak stars against the 
background of general illumination in the sky. It also means that, in 
spectroscopy, a bright line thus spread out will obliterate weaker ones near 
by, and similarly for stars, in certain circumstances. 


The light which is scattered outwards from a brightly illuminated point 
in the emulsion reaches the rear surface of the glass upon which the emul- 
sion is coated. Within the critical angle, this light is mostly transmitted 
and lost, but that which strikes the surface outside this angle is reflected 
back, and forms a ring round the original spot of diameter about four times 
the thickness of the glass. This phenomenon of halation can be avoided 
by using backed plates. The backing consists of a layer on the back of 
the plate which absorbs the light, and is of the same refractive index as 
the glass so that reflections are effectively suppressed until the light 
reaches the outside of the backing, by which time they have been almost 
completely absorbed. There is no advantage in backing when recording 
the ultra-violet below about 350 mu. The spreading of light in the 
emulsion and the graininess acting together set a limit to the fineness 
of detail which can be recorded photographically. The influence of grain 
can in some cases be small. The older Schumann plates, for instance, had 
large grains, but the almost complete absence of sideways spread meant 
that spectrum lines could be recorded almost as a slightly irregular line 
one grain thick. Ordinary plates of smaller grain-size would give much 
poorer resolution. The resolving power is normally measured by photo- 
graphing a test-object with a good lens, at a considerable reduction, on to 
the plate and estimating the finest lines which can be distinguished by eye 
under suitable magnification. It is found that the resolving power in- 
creases to a maximum and then decreases again as the exposure is increased. 
The resolving power also increases as the difference in brightness between 
the light and dark lines increases, or as the ratio of the width of the dark 
lines to that of the light lines increases. 
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‘KODAK’ SCIENTIFIC PLATES (Coded Series) 


These plates, which are available to order but are not kept in stock, are 
made in most cases by applying the desired colour sensitizing to certain 
basic emulsions. Eight basic emulsion Types are available; their descrip- 
tions follow :— 


Type 0 Highest possible speed to exposures of the order of a fraction of 
a second, medium contrast, and sufficiently low granularity to 
permit a reasonable degree of enlargement. 


Type 0a An emulsion slightly slower than Type 0 to exposures of the 
order of a fraction of a second, but of the highest possible speed 
to exposures of some minutes or longer. 


Type I Very high speed, fairly high contrast, and slightly higher 
granularity than Type 0. 


Type II High speed, fairly high contrast, and moderate granularity. 


Type IIa An emulsion slightly slower than Type II to exposures of the 
order of a fraction of a second, but faster to exposures of some 
minutes or longer. 


DENSITY 
3 


a 
3-0 2-0 To 0 1-0 2-0 


LOG. EXPOSURE 


Figure 5. Characteristic curves of the six basic emulsion Types developed for 5 
minutes in undiluted ‘Kodak’ D-19b developer at 68°F (20°C). 
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Type III Moderate speed, high contrast, and low granularity. 

Type IV Low speed, very high contrast, and very low granularity. 

Type V_ Very low sensitivity, very high contrast, and negligible granu- 
larity for most purposes. It is too slow for normal work but 
when colour-sensitized it acquires appreciable speed and may 
be used where sufficient light is available, to give a very high 
resolving power. 

These emulsion Types are combined with various colour-sensitizing 
Classes described later. The plates are designated as, for example, 
Scientific Plate 0-O, IIa-F, IV-Z, etc., the actual combinations available 
being shown in the table on page 11. 

The table below shows the approximate speeds, at three different 
exposure times, of the eight emulsion Types. The speed figures refer 
to the combination of the various Types with the Class O colour sensitizing; 
the colour sensitivity introduced by the use of other Classes may vary 
these figures. All figures shown are for 5 minutes’ development, with 
continuous agitation, in undiluted D-19b developer at 68°F (20°C). 





Emulsion Speeds at different exposure times Contrast as Resolving 
Types 1/50 second | | second | hour gamma (y) power* 
0 1700 1400 100 1-6 60 
0a 900 1100 600 1-5 60 
I 1700 1400 100 3°55 80 
II 350 320 100 3-1 85 
IIa 300 350 200 3:2 85 
III 320 290 100 3-4 85 
IV 40 50 10 60 140 
Vv — 04 — 60 350 





* Lines per millimetre; to tungsten light; object contrast 1000:1. 


Blue-sensitive plates 

All eight emulsion Types can be supplied unsensitized. Sensitivity 
extends from the ultra-violet up to about 500 mu. The effective limit in 
the ultra-violet is often taken to be about 230 my, but photographs can 
be obtained down to 210 mz under favourable circumstances. 

The IV-O plate is also available with a matting agent incorporated in 
the emulsion. It should be ordered as the Scientific Plate IV-O, Matt. 


Orthochromatic and panchromatic plates 

Class J has a blue-green to green sensitizing and a maximum at 520 mu. 
Class G has a fairly even sensitivity throughout the blue and green, rising 
to a slight maximum at 570 mw. and then falling off rapidly. This Class 
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of colour-sensitizing corresponds to 
the best orthochromatic plates and 
is recommended for most purposes 
where maximum green sensitivity 
is required without appreciable 
red sensitivity. It is very suitable 
for the mercury green line. 


Of the panchromatic materials, 
Class D has the highest green and 
yellow speed up to 610 my and is 
the most generally useful for the 
whole of the green, and for the 
sodium D lines. Class F has a good 
uniform sensitivity extending to 
690 my. and is useful for Hoc work. 


Infra-red plates 


Class L, a long-range spectrum 
plate, is sensitive, with reasonable 
uniformity, from the ultra-violet to 
880 mu. It has proved very useful 
for observation of broad spectral 
regions, or as a general-purpose 
plate. Class N is most useful from 
about 670 to 880 mu. With the 
Type II emulsion it is available 
from stock (in 2} x3} in. 3} x 
4} in., 4x5 in., 4x10 in., 43x 
64 in, 65x9 cm, and 9x 
12 cm sizes only) under the title 
IR.ER. ‘Kodak’ Infra-Red Extra- 
Rapid Plate. Class R has high 
infra-red sensitivity from 740 to 
850 my. and is a standard sensitizing 


for general infra-red work. It is 
recommended where the highest 


speed is not important and where 
high contrast is required. 


SE-3 


SPECTRAL SENSITIVITY CURVES 
OF ‘KODAK’ SCIENTIFIC PLATES 
Blue-sensitive and orthochromatic 
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SPECTRAL SENSITIVITY CURVES OF ‘KODAK’ SCIENTIFIC PLATES 


Panchromatic sensitizings 
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Far-infra-red sensitizings 
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Far-infra-red plates 


Class M is useful from about 860 to 1000 mu, with maximum sensitivity 
at 930 to 940 mu. Class Q is sensitive from 720 to 1100 my with its 
maximum at 980 mu. The Class Z sensitivity extends furthest into the 
infra-red; it has a maximum at 1085 mu and has been used successfully 
beyond 1200 mu. 

All plates in these Classes should always be stored in a cool place, and 
must be hypersensitized before use (see page 15). 


Plates specially sensitized to the ultra-violet 


Gelatine absorbs ultra-violet light, and below about 235 mu the 
consequent falling-off in sensitivity becomes noticeable until at about 
200 my. practically all the radiation is absorbed. This loss of sensitivity is 
largely a loss of contrast. Schumann plates are made with no gelatine, 
or with merely a trace, but they are relatively difficult to handle. For 
most ultra-violet work down to 210 mu, the standard commercial B.10 
plates are recommended (see Data Sheet PL-2); they have a low gelatine 
content and a very good ultra-violet speed with high contrast. The 
emulsion layer is reasonably robust. 

One method of increasing ultra-violet sensitivity is to bathe a plate 
with a fluorescent substance which transforms the short waves into longer 
ones which can more readily penetrate the gelatine, and Ultra-Violet- 
Sensitized plates can be supplied already coated with a thin layer of a 
substance which is superior to any other in this respect. This coating 
must be washed off in cyclohexane or ethylene chloride before develop- 
ment, because the substance used is impervious to water. These plates 
are sensitive even to wave-lengths encountered only in the vacuum 
spectrograph. Any emulsion normally available in the Coded Series of 
Scientific Plates can be supplied so sensitized, but the III-O is generally 
recommended. These plates, which are available in unbacked form only, 
should be ordered as, for example, Scientific Plate III-O, U.V. Sensitized. 
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Summary of colour-sensitizing Classes 


The various Classes available are illustrated in Figure 6. The region 
of total sensitivity for each type is shown hatched, and the region of 
special usefulness is shown black. In using this chart it should be noted 
that in most cases the sensitizing covering the shortest spectral region on 
the chart is that which will give the maximum sensitivity through its own 
region. 
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Figure 6. The letters at the sides of the chart indicate various Classes (sensitizings). 


Scientific Plates available 


The crosses in the following table indicate the combinations of the 
Types (emulsions) and Classes (colour-sensitizings) currently available :-— 


Cc a 
Green 


COLOUR-SENSITIZING CLASSES 





EMULSION 




















OTHER ‘KODAK’ SCIENTIFIC PLATES 
In addition to the Coded Series of Scientific Plates, other specialised 
products of interest to scientific workers are available :— 


M-R Maximum-Resolution Plate 

This plate has an almost grainless emulsion of the Lippmann type coated 
as a very thin layer, but, nevertheless, straightforward processing gives a 
high contrast and maximum density. It has a very high resolving power 
which appears to be limited mainly by the optical system used; with 
suitable equipment a resolving power better than 1000 lines per mm is 
obtainable, while 600 lines per mm is easily achieved. It is recom- 
mended for all high-resolution work, particularly for the production of 
scales and graticules, and also for X-ray micrography. 

M-R plates are sensitized normally with Class J sensitizing, i.e., they 
are sensitive to the blue and blue-green, and a stock of the usual 
sizes is kept. A panchromatic sensitizing can be supplied to order 
if required. Owing to the extremely fine-grain emulsion used the plate 
is necessarily slow, having about 1/300th the working speed of a B.4 
plate, but when used for making photographic graticules this speed 
compares very favourably with other materials which have considerably 
coarser grain. For the highest definition, a yellow filter, such as the 
‘Wratten’ No. 8 (K2), or the ‘Kodak’ Flexible Filter $.58/2 (yellow), 
should be used (for further details, see Data Sheet PL-29). 


M-R Pre-Stripping Plate 

This plate has an emulsion identical in photographic characteristics to 
the M-R Maximum-Resolution Plate, described above. It differs in that 
the emulsion is designed to be dry-stripped, melted to form a liquid 
emulsion, and coated on to glass blanks, all these operations being under- 
taken by the user. Its principal applications lie in the field of graticule 
and scale production especially where the size, shape, or thickness of the 
glass precludes the use of factory-produced M-R plates. 


Uniform-Gamma Plate 

This has been evolved specially for routine industrial ultra-violet 
spectrography. It has a practically uniform gamma over the wave-length 
range 260 my. to 400 mu, together with rapid-processing characteristics, a 
robust emulsion layer and a speed slightly lower than that of the B.10 
plate at 302 mu. Details of this plate are given in Data Sheet PL-28. 


Autoradiographic Plates 

These plates are recommended for tracing the paths of radioactive 
isotopes within botanical, histological, or metallurgical specimens by the 
technique in which a stripped emulsion layer is floated on to a section of the 
specimen. 

The two plates available are: 

Fine-Grain Autoradiographic Stripping Plate AR.10—with which, under 

favourable conditions, a resolution of 2 microns may be obtained. 

Fast Autoradiographic Stripping Plate AR.50—with which, under 

favourable conditions, a resolution of the order of 15 microns may be 

obtained. 

Further details of these plates may be found in Data Sheet SC-10. 


SE-3 12 


SOME APPLICATIONS AND RECOMMENDATIONS 


It should be borne in mind that some of the combinations of emulsion 
Types and sensitizings shown on page 11 provide materials essentially 
similar to those included in the ordinary commercial range of plates. In 
almost all cases, small variations in the emulsion characteristics of plates 
are of negligible significance when choosing the best material for a parti- 
cular application, but there may be delay in supplying certain Scientific 
Plates. It is, therefore, better to select a plate from the commercial range, 
if at all possible, and only to use the special scientific series when no 
other available material is at all suitable. The following suggestions may 
be of value in choosing suitable materials. 


Astronomy 

Blue-sensitive : The fastest plates, at exposure times of a second or less 
are the 0-O and I-O. For longer exposure times the 0a-O should be used. 
Such plates are useful where there is much scattered light of longer wave- 
lengths. For high contrast, the IV-O plate will have sufficient speed in 
some cases. 

Orthochromatic: The fastest plates are the 0-G or I-G. The slower 
plates are III-G. 

Panchromatic: The 0-D or I-D is generally used. The 0-F is sug- 
gested where highest red sensitivity is required, and has also proved useful, 
with a red filter, in preventing fog due to scattered moonlight. III-F 
plates have a higher contrast and have sufficient speed for much work, such 
as lunar-disk photography. Class F may be used for the photography of 
the red hydrogen line with the spectroheliograph, and also for the measure- 
ment of stellar colour temperatures. 

Infra-red : ‘Kodak’ IR.ER. or other plates with Class N sensitizing are 
recommended, for example, for the penetration of luminous haze. 


Electron diffraction studies 

Type I emulsion is recommended for maximum speed and greatest 
differentiation between the maxima and minima in the diffraction patterns 
obtained. 


Infra-red work 

Since infra-red radiation is less easily scattered than visible light, it is 
used for the photography of landscapes in haze, for aerial surveys, and for 
the recording of stars hidden by the luminous haze of nebulae. The surface 
layers of skin transmit infra-red rays, so that infra-red photography is of 
value in studying subcutaneous conditions, e.g., varicose veins. Infra-red 
radiation is frequently reflected or transmitted by coloured objects in a 
manner which has no relation to their visible colour so that, for example, 
forgery has been detected by this means, and detail in opaque sections of 
chitinous or silver-stained biological specimens can be recorded. Use is 
made of infra-red plates in photographic pyrometry. Lastly, photographs 
can be made in darkness by means of a source of infra-red radiation 
(see Data Sheets SC-7 and IN-8). 


13 SE-3 


For all general infra-red work, the IR.ER. plate and the III-R plate 
are very suitable. The former is the faster, being about ten times as 
fast as the IJI-R. It is recommended for long-distance infra-red photo- 
graphy, camouflage detection, moonlight effects, pyrometry and photo- 
graphs in ‘“‘darkness”. The III-R plate has a high contrast and is used in 
clinical infra-red photography, photomicrography, etc. A ‘Wratten’ 
infra-red filter such as the No. 88A or No. 87 should be used (see Data 
Sheet FT-9). 

For spectrography in the infra-red, the II-N is often useful for prelimi- 
nary work since these plates have a good speed and high resolution. The 
Class L plates have good sensitivity in the visible region as well as in the 
infra-red (see Data Sheets SC-7, SC-8, MD-2, IN-8, and ED-2 for 
applications of infra-red photography). 


Spectrography and spectrophotometry 

For spectrographic and photometric work the emphasis to-day is on 
low speed and high resolution, though for some purposes high speed is still 
necessary, ¢.g., in astrophysical measurements. The range of standard 
commercial plates, as shown in Data Sheet SE-7, will suit many require- 
ments and the reader should be able to choose special sensitizings and 
emulsions for any particular need from the Scientific Plates previously 
described. Of these, IV-L is recommended for the work in the visible 
and infra-red, as it has sufficient speed for most purposes, good contrast 
and high resolving power, but the II-L may be substituted where higher 
sensitivity is required. The most generally useful basic emulsion types 
are III or IV, the faster ones being utilized only where speed is essential. 
For general spectrographic work in the visible region of the spectrum the 
Class F sensitizing is usual, and for the region 670-880 m/ the Class N. 


PROCESSING 
Safelighting 

The following table shows the Series numbers of the recommended 
Kodak ‘Wratten’ safelights :— 


Emulsion Colour-Sensitizing Classes 
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* Total darkness is recommended for complete freedom from safelight fog. However, if indirect safe- 
lighting is customarily used for general room illumination when handling these materials the light must 
not be allowed to fall directly upon them, and the ceiling or reflecting surface must be at least 7 feet 
from the bench top; the safelamp should be fitted with a ‘Wratten’ Series 3 (dark green) safelight filter 
and a 25-watt bulb, after development is half-compieted, direct light from a safelamp, at a mini- 
mum distance of 4 feet may be used for a few seconds. 
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Development 


The most generally useful developer for the Coded Series of Scientific 
Plates is D-19b Developer. It gives the highest contrast for a given 
effective speed, and is of particular value with infra-red sensitive plates. 
The developer is used undiluted for high contrast, or diluted for lower 
contrast; development time is about 5 minutes at 68°F (20°C), but this 
should be ascertained by trial. D-19b developer is available as a 
packed developer powder. The formula is as follows :— 





KODAK FORMULA D-19b 


Metric Avoirdupois 
2:2 grammes ‘Elon’ 77 grains 
1440 grammes Sodium sulphite (crystals) Il ounces 220 grains 
88 grammes Hydroquinone 310 grains 
130°0 grammes Sodium carbonate (crystals) 10 ounces 175 grains 
4:0 grammes Potassium bromide 140 grains 
1000 cc Water to make 80 ounces 


Alternatively, a concentrated liquid developer, ‘Kodak’ DX-80 (made up 
as recommended), is very suitable. Development time is generally four- 
fifths of that in D-19b. 

Development in a dish or tank may lead to uneven development and for 
accurate work precautions should be taken to ensure uniform development. 
One method is to brush during development with a soft brush of greater 
width than the plate. This and other methods are described in detail 
in Data Sheet PR-5. 


Fixing 
After development, rinse the plates in running water, and fix in an acid 
fixing bath made to the following formula :— 





KODAK FORMULA F-5 


Metric Avoirdupois 
240-0 grammes Sodium thiosulphate (hypo cryst.) 19 ounces 90 grains 
15-0 grammes Sodium sulphite (anhyd.) | ounce 90 grains 
17 cc Acetic acid (glacial) | ounce 120 minims 
7:5 grammes Boric acid (cryst.) 260 grains 
15:0 grammes Potassium alum | ounce 90 grains 
1000 cc Water to make 80 ounces 


After fixing, the plates should be washed in running water. The time 
will depend on the permanence required, but 30 minutes will ensure 
reasonable permanence. 


Hypersensitization 


Many panchromatic and infra-red-sensitized plates are increased in 
sensitivity by treatment with dilute ammonia. The plate should be 
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bathed for 1 minute in a solution of 4 cc of 0-880 sp.gr. ammonia, in 
100 cc of water, at about 60°F (16°C), and dried as rapidly as possible in a 
current of air. 

Class M, Q, and Z plates must be hypersensitized before use. 

Hypersensitizing approximately doubles the sensitivity of Class D and 
F plates, and increases the sensitivity of infra-red plates many times. 
Class N is increased in speed by 4-5 times. Hypersensitized plates do 
not, in general, keep long after hypersensitizing. 


ORDERING 


The glass used for ‘Kodak’ Scientific Plates is of the usual thickness for 
the particular size, unless otherwise ordered. 


APPROXIMATE THICKNESS OF GLASS USED FOR ‘KODAK’ SCIENTIFIC PLATES 













1-3 mm 2:2 mm 










| mm 1-6 mm 
(0-04 inch) (0-05 inch) (0-06 inch) (0-09 inch) 
2 x Zin. 24 x 34 in. 10 x 12 in. 
2 x 10 in. 23 x 22 in. 12 « IS in. 
4 » 10in. 3g < 3h in. 24 x 30cm 
45 x 6cm 3g x 4g in. 30 x 40cm 








In many spectrographs it is necessary to bend the plates, and it is usual 
then to supply glass of about 1 mm (0.04 inch) thickness. Any reasonable 
size of plate can be supplied, but there is usually an unavoidable delay in 
supplying non-standard sizes or thicknesses. 

When ordering Scientific Plates, the nomenclature employed in this 
booklet should be used. Normally Scientific Plates are supplied with an 
anti-halation backing, but they can be obtained without the backing if so 
ordered. Exceptions are all Class M, Q, and Z plates, Ultra-Violet- 
Sensitized Plates (see page 10), the Autoradiographic Plates, and M.R. 
Pre-Stripping Plate, which are obtainable only in the unbacked form, and 
the Maximum-Resolution Plate, which is normally supplied unbacked 
but can be obtained with a backing if so ordered. 


Kodak, Wratten, and Elon are trade marks 


Kodak Data Booklet KODAK LIMITED LONDON 
SE-3 
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LENGTHS OF ‘KODAK’ 16 mm AND DOUBLE 8mm 
CINE, AND 35mm MINIATURE FILMS 


CINE FILMS 


‘Kodak’ Movie Films are sold in cartons on which is specified the 
length of film available for picture-taking, and this is the minimum length 
which will be returned after processing. To enable the film to be loaded 
into the camera and unloaded in subdued light, integral extra lengths of 
film are included on the spool, both at the beginning and at the end of the 
specified length available for taking. These integral extra lengths are 
known as “leader” (at the beginning) and “trailer” (at the end). 


Usually, the leader and trailer are fogged during the loading or un- 
loading operations. Some processing laboratories remove these spoilt 
lengths of film, whilst others return the whole length of film after proces- 
sing. 


‘Kodachrome’ II Movie Films 


These films are processed only by Kodak and, when received at the 
processing laboratory, the extra lengths are cut off. Their purpose has 
been fulfilled—that of keeping light-tight, during loading and unloading, 
the length of film available for the exposures. 


The following table gives the overall lengths of ‘Kodachrome’ II 
Movie Films and shows how much is removed by the Kodak Processing 
Laboratory. 





‘KODACHROME’ II MOVIE FILMS, DAYLIGHT TYPE AND TYPE A 


LENGTHS REMOVED DURING 
PROCESSING (approx.) 





OVERALL 
FORM AND NOMINAL LENGTH LENGTH 





















As Leader As Trailer 

Double 8 mm 

25-foot spool 3 ft 6in 3 ft 6 in 

25-foot magazine * _ _— 
100-foot spoolt . 3 ft Bin 3 ft 
16mm 

50-foot spool 3 ft 8 in 2 ft 3 in 

50-foot magazine} =, = 
100-foot spool 5 ft 6 in 2 ft 3 in 


5 ft 6 in 





200-foot spool 2ft3in 





* Double 8 mm <25 ft magazines contain a combined extra length of | ft 94 in, which is removed during 
processing. 

t+ Only for the Paillard-Bolex H.8 cine cameras. 

+ 16mm 50 ft magazines contain a combined extra length of 3 ft, which is removed during processing. 
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Other ‘Kodak’ Movie Films 


The films listed below are not processed by Kodak, being intended for 
processing by the user or by a commercial cine-film processing laboratory. 
The table gives the overall lengths of the various films together with the 
amounts which should be considered to be leader and trailer. There is 
no guarantee that these amounts will correspond with those removed 
(if at all) by processing laboratories, since this will depend on individual 
practice. 






LENGTHS WHICH SHOULD BE 



















OVERALL ALLOWED AS 
FORM AND NOMINAL LENGTH | Tencry 
Leader | Trailer 
16mm ‘EKTACHROME’ COMMERCIAL FILM, TYPE 7255 
100-foot spool. . . . .. . 109 ft 6 ft 3 ft 
200-foot spool . 214 ft 9 ft 5 ft 
16mm ‘EKTACHROME?’ ER FILMS, DAYLIGHT TYPE AND TYPE B 
50-foot magazine* . 53 ft = — 
100-foot spool . III fe 6 ft 5 ft 
200-foot spool . 216 ft 9 ft 7 ft 
16mm ‘PLUS-X’ AND ‘TRI-X’ REVERSAL MOVIE FILMS 
50-foot spool. . . . . . 58 ft 5 ft 3 ft 
50-foot magazine* . . . . . 53 ft _— _— 
100-foot spool. . . . . . . II ft 6 ft 5 ft 
200-foot spool. . . . . . . 216 ft 9 ft 7 ft 
16mm ‘PLUS-X’ AND ‘TRI-X’ NEGATIVE MOVIE FILMS 
100-foot spool . III fe 6 ft 5 ft 
200-foot spool . 216 ft 9 ft 7 ft 
16mm HIGH-CONTRAST PAN MOVIE FILM 
100-foot spool. . . . 2. Ife | 6 ft Sft 


* 16mm ™ 50 ft magazines contain a combined extra length of 3 ft which may be removed by processing 
laboratories. 


Loading cine film into cameras 


When loading cine film, it is important to use the appropriate length of 
film for threading, and to run off the leader before picture-taking is begun. 
Failure to do so may result in the loss of pictures made on either the 
leader or trailer, and therefore liable to be cut off prior to processing. 


The following procedure should be adhered to when loading a ‘Kodak’ 
cine camera with spools of ‘Kodak’ Movie Film :— 


| From the spool of film pull out 10-12 inches of film for threading. 

2 Load and thread into the camera as directed in its instruction book. 

3 Run the camera for a second or so, before closing it, to prove the threading. 

4 Close the camera. 

5 Run the motor and set the footage indicator according to the instruction book. 
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35 mm MINIATURE FILMS 


As with the cine films, additional lengths of film are provided in these 
cases, and for the same purpose—that of protecting the actual length 
intended for exposure. 


The approximate total lengths of these films are: 
20-exposure size—41 inches 
36-exposure size—65} inches 


With ‘Kodachrome’ II, ‘Ektachrome’, and ‘Kodacolor’ films an approxi- 
mate length of 5 inches (including the cut-away loading tongue) is required 
during processing. 


When loading any 35mm miniature film into a ‘Kodak’ miniature 
camera, it is recommended that the film be engaged with the sprockets 
on both sides of the film track before closing the camera back. After 
winding on three full frames, the first exposure should then be made on 
the fourth frame. With other cameras, the manufacturer’s instructions 
should be followed. 


The total lengths may possibly be sufficient for more than the stated 
number of exposures, and if, after processing at the Kodak Processing 
Laboratory, such extra exposures are found not to have been cut off, they 
too will be returned mounted in Ready-Mounts (or as part of the uncut 
strip, if this final form was indicated). However, there is no guarantee 
that any extra exposures will be returned. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODACOLOR 
KODACHROME 
EKTACHROME 
PLUS-X 
TRI-X 


KODAK LIMITED LONDON 
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‘KODAK’ PHOTOGRAPHIC MATERIALS 
FOR ELECTRON MICROGRAPHY 


EITHER plates or films may be used for photographically recording micro- 
graphs in an electron microscope. The basic design of the particular 
instrument, however, usually determines which form of material—plate or 
film—is to be used, but, if necessary, microscopes designed for the use of 
plates can easily be adapted to take film. 

As the negative sizes are usually fairly small—from 35 mm films to 
34x 41-inch plates—substantial enlargement is frequently required 
when making the final prints. A principal requirement of a material, 
therefore, is that it shall be of a type which has an inherently fine grain. 

The simple, manually-operated flap shutter incorporated in many 
electron microscopes, makes desirable a duration of exposure of several 
seconds in order that exposures may be reproducible. In addition to this, 
owing to the construction of these flap shutters, the time which elapses 
during their opening and closing may produce a difference of density from 
one end of a plate to the other. The ratio of this time to the total exposure 
should, therefore, be kept low. 

The electron-beam intensity normally used during the visual examina- 
tion of a specimen must frequently be reduced in order to obtain an expo- 
sure of suitable length when actually recording the image on to the photo- 
graphic material; this is particularly so when the faster materials are used. 
The intensity may be reduced by de-focusing the condenser lens and this 
has an advantage in that it reduces the aberrations of the objective lens 
and reduces its effective aperture, thereby increasing the resolution and 
sharpness of the final image. 


Recommended ‘Kodak’ materials 

The B.10 High-Contrast Rapid-Processing Plate is a suitable general- 
purpose material. Its emulsion layer is only about one-third the average 
thickness of normal emulsions, so that less moisture is retained and, 
consequently, evacuation time is at a minimum. For lower granularity, 
at the expense of speed, the B.4 Half-Tone Plate is recommended. If 
exposures must be kept to a minimum, the P.1200 Super Panchro-Press 
Plate should be used. 

If it is wished to use film, Commercial Fine-Grain Film CF.7 (‘Estar’ 
Thick Base) and ‘Kodalith’ LR Film (‘Estar’ Base) are suggested; they 
are of high and low speed, respectively. The ‘Estar’ polyester base of 
both these films ensures that evacuation times are reasonably short: in 
this respect they are significantly better than films coated on cellulose 
acetate film bases. 

The table overleaf shows the speed, contrast, and grain relationships 
of these materials. All these factors are based on the use of 75kV 
instruments, and electron microscopes of other kilovoltages may show 
some differences. The factors given are, of course, approximate and 
should be taken only as a working guide to the choice of the most suitable 
material. No figures are available of the evacuation times needed by 
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these materials as these vary considerably under differing conditions; 
practical tests should be made. In general, films require longer periods 
of pumping-out than plates, and for this reason pre-drying and de- 
gassing apparatus is especially useful when films are used. 





“WRATTEN’ 
SAFELIGHT | DATA 
MATERIAL ELECTRON | SLOPEt FILTER SHEET 


SPEED* (INDIRECT | NUMBER 


LIGHTING) 
Plates 
Bide sete he eS ‘ : Fine Series 00 PL-I 
BIO... .. . Medium Series 0B PL-2 
P1200 . ... : : Coarse t PL-19 
Films 
‘Kodalith’ LR... ce Series IA —_ 
Commercial 
Fine-Grain CF.7 . Q ‘ Series | FM-39 


* Speed measured as the reciprocal of the exposure (in electrons/u?) required to produce a density 
of 1-0 above fog. 

The slope of a straight line joining densities of 0:3 and 2:0 above fog on the characteristic curve. 
Total darkness is recommended. A safelamp fitted with a ‘Wratten’ Series 3 (dark green) safelight 
filter and a 25-watt bulb can be used for a few seconds only, at a minimum distance of 4 feet, after 
development is half-completed. 


+ 


Processing 

With the exception of ‘Kodalith’ LR film, the data given above are 
based on 8 minutes development in undiluted ‘Kodak’ D-19 Developer 
(for formula see Data Sheet FY-2) with continuous agitation in a dish 
at 20°C (68°F). Under the same conditions, the data given for ‘Kodalith’ 
LR film are based on 2 minutes’ development. Except for ‘Kodalith’ 
LR film, shorter developing times can be used: a reduction to a quarter 
of the developing time gives about half the speed and reduced grain, 
although with little change to the speed-grain relationship. Also, the 
developing times for B.4 and B.10 plates can be increased to give signifi- 
cantly higher speeds, but with some increase in grain; ‘Kodalith’ LR film 
should not be developed for longer than recommended above. 

The fixing and washing of these materials should be undertaken in 
accordance with the recommendations given in the appropriate individual 
instruction sheets or the Data Sheets, the numbers of which are given in 
the table above. 


Kodak, Kodalith, Wratten, and Estar are trade marks 
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‘KODAK’ PHOTOGRAPHIC MATERIALS 
FOR TECHNICAL USE 


THE following table is intended to be a guide to the choice of ‘Kodak’ 
materials for various technical purposes. A certain degree of overlapping 
—due to the wide scope of photographic materials—will be evident, and 
where in the appropriate column several sensitized materials are listed as 
a group for a specific technique, these are given in the order of preference 
as a general recommendation; such recommendations can only be of a 
general nature and some modification may be necessary. 


The fields of application are dealt with alphabetically under the following 
headings :— 


Subject Page See also Data Sheets 

AERIAL PHOTOGRAPHY . 3. FM-59, PP-2, PP-3 
ASTRONOMY 3 SE-3 
AUTORADIOGRAPHY 3  SC-10 
CARDIOGRAPHY 3 PP-8 
CARTOGRAPHY 5 3. PL-2, PP-2 
CATHODE RAY TUBE TRACE 

RECORDING ... . 4  IN-18, FM-60, PP-8 
CINEMATOGRAPHY (16 mm) 

in various aspects . . » . 4 EQ-1, EQ-2, CN-1 to CN-5 
COLOUR PHOTOGRAPHY. 4 CL-1 to CL-9 
COLOUR-SEPARATION 

NEGATIVES ... . 5 CL-1 


COPYING (in the camera cia os 


contact printing) . 5 GN-1I, GN-2, DC-2 
DOCUMENT COPYING . 5 EQ-4, IN-5, DC-1, DC-2 
DYE-LINE AND BLUE-PRINT 

REPRODUCTION é 6 IN-5 
ELECTRON MICROGRAPHY . 6 SE-5 
ENGINEERING DRAWINGS . 6 IN-5, PP-2 
FILM-STRIPS é 6 GN-3, GN-4 
GALVANOMETER RECORDING 

(mirror oscillographs) . . 6 FM-60, PP-8, PR-4 
GAMMA-RADIOGRAPHY 6 IN-16 
GRATICULES. ..... . . 6 = PL-29 
HIGH-SPEED STILL 

PHOTOGRAPHY... . . 6. IN-2 
INFRA-RED PHOTOGRAPHY. . 7  FT-9, MD-2, IN-8, SC-7, SC-8 
INSTRUMENT-DIAL 

RECORDING .... . 7 IN-3 
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Subject 


Page 


LANTERN-SLIDE MAKING . . 7 


MASKING (in colour-separation 
work) a fs 


MASS MINIATURE 
RADIOGRAPHY 


MEDICAL PHOTOGRAPHY 


7 


7 


See also Data Sheets 


GN-4 


CL-1 


PR-4, MD-1, FM-20, FM-21, 
FM-22 


MD-1, MD-2, MD-3 


METALLOGRAPHY See Photomicrography 


MOTION STUDY . 


PHOTOMECHANICAL 
PROCESSES . 


PHOTOMICROGRAPHY . 


PHOTO-ELASTIC STRESS 
ANALYSIS 


PROFILE PROJECTION . 
RADIOGRAPHY (industrial and 
medical) 


RAPID PROCESSING. 
REFLEX COPYING 
REVERSAL PROCESSES 
SILK-SCREEN PROCESS 
SPECTROGRAPHY . 


TEMPLATE PHOTOGRAPHY 


ULTRA-VIOLET FLUORESC- 
ENCE PHOTOGRAPHY 

ULTRA-VIOLET PHOTO- 
GRAPHY (direct) 


X-RAY CRYSTALLOGRAPHY 


X-RAY MICROGRAPHY . 


7 


.9& 10 
10 
10 
10 
10 
10 
10 


11 


11 
11 
11 


IN-7 


IN-11, SC-4, SC-5, SC-6, CN-4, 
SE-3 


SC-1 


XR-1 to XR-9, IN-13 to IN-16 
FM-54 

IN-5, DC-1 

FY-3 

EQ-5 

SE-3, SE-7, PL-27, PL-28 

IN-6, PP-4 


FT-9, SC-3, SC-4 
FT-9, SC-3 


IN-12, PL-29 


Other individual Data Sheets on specific materials may be found by reference to 
the Contents Sheets of the Films, Plates, and Papers Sections. 
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Field of Application 


Nature of Work 


Recommended Material 





Aerial Photography 


Astronomy 


Autoradiography 


Cardiography 


Cartography 
(See Aerial Photography) 


Making camera negatives :— 
Survey and record. 


Haze penetration and 
camouflage detection. 


Making prints :— 
For normal use. 


For moderately high 
dimensional stability. 
For extremely high dimen- 

sional stability. 


Making diapositive plates 
for stereo-plotters. 


Astronomical photography :— 


For long exposures. 
For high definition. 


Film: ‘Super XX’ Aero, ‘Pan- 
atomic-X’ Aero. 

Film: Infra-red Aero*. ‘Super- 
XX’ Aero with ‘Wratten’ 
filter No. 12. Plate: P.300. 


Paper: Bromide White Smooth 
Glossy. 


Paper: Bromide Waterproof. 


Paper: Bromide Foil-Card. 


Plates: L.15, L.10. 
(extra-thick glass may be necessary. 
* Limited availability. 


Plate: Scientific 0a-O. 
Plate: Scientific | la-O. 


(Use dye-sensitized Scientific Plates 
for spectral regions other than blue 
and ultra-violet. See Data Booklet 
SE-3.) 


Astronomical spectrography :— 


For general work. 
For high-dispersion instru- 
ments or when expos- 


ures are extremely long. 


Recording alpha particles, 
electrons and positrons 
emitted from specimens 
containing radio-active 
material. 


Line traces. 


Contact printing from cardio- 
graphic negatives. 


For negatives for scribing. 


For prints of very high 
dimensional accuracy. 


Plate: Scientific | la-O. 
Plate: Scientific 0a-O. 


(Use dye-sensitized Scientific Plates 
for spectral regions other than blue 
and ultra-violet. See Data Booklet 
SE-3.) 


Plates: Autoradiographic Strip- 
ping AR.10, Autoradio- 


graphic Stripping AR.50. 
(See Data Sheet SC-10) 


Film: Cardiographic; Papers: 
RP.20, RP.25, RP.30 Record- 
ing. 


Paper: Cardiographic Printing. 


Plate: B.10. 
Paper: Bromide Foil-Card. 
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Field of Application 


Recommended Material 


Nature of Work 


Cathode Ray Tube 
Trace Recording 
(See also Cinematography) 


Cinematography 
(16mm) 


Cinemicrography 


Colour 


Recording 


For negative- 
positive work 


Sound recording 


Colour Photography 


(See also Cinematography, 
Colour-separation Negatives, 
Photomechanical Processes 
and Masking) 


Colour-separation 
Negatives 


(See also Photomechanical 
Processes and Masking) 
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With blue screens. 
With green screens. 


With red screens. 


Low-intensity illumination. 
High-speed-motion study. 


Daylight illumination. 


For medium-contrast results. 


For high-contrast results. 


With daylight illumination. 


With Photoflood  illumina- 
tion. 


Cathode-ray tubes. 


Negative record. 


Positive prints. 


Simultaneous picture and 
sound recording in the 
one camera :— 


For negative record. 


For direct positive record. 


With daylight illumination. 


With Photoflood 
tion. 


With studio lamps (3200°K) 


illumina- 


From colour transparencies. 
Using one-shot camera. 


Copying still-life subjects or 
flat copy. 


Film: R.55 Recording; Paper: 
RP.30 Recording. 

Film: R.55, R.60 Recording. 

Film: R.60 Recording. 


Film: 16mm Cine-Kodak ‘Tri-X’ 
Reversal or ‘Tri-X’ Nega- 
tive. 

Film: l6mm_ —_ Cine-Kodak 
‘Plus-X’ Reversal or 
‘Plus-X’ Negative. 


Film: l6mm _— Cine-Kodak 
‘Plus-X’ or ‘Tri-X’ Reversal 
or Negative. 

Film: Cine-micrographic. 

(to special order) 


Film: 16mm ‘Kodachrome’. 
Film: l6mm_ ‘Kodachrome’ 
Type A. 


Film: 16mm R.55 Recording. 
Films: 16mm ‘Plus-X’ or ‘Tri-X’ 


Negative. 
Films: l6mm_ ‘Cine-Kodak’ 
Positive, |6mm ‘Eastman’ 


Fine-Grain Release Positive. 


Film: l6mm_ — Cine-Kodak 
‘Plus-X’ Negative. 
Film: l6mm = Cine-Kodak 


‘Plus-X’ reversal. 


Films: ‘Kodachrome’ Daylight 
Type, 35mm and ‘Bantam’; 
‘Ektachrom2’ Daylight Type, 
35mm, roll and sheet. 

Film: ‘Kedachrome’ Type A, 
35mm and ‘Bantam’. 


Film: ‘Ektachrome’ Type B, 
sheet. 
Plates: P.600, P.1200, P.300; 


Films: ‘Super-XX’ sheet. 
Plate: P.1200, Film: ‘Super-XX’ 
sheet. 
Plates: P.600, P.300, P.1200; 
Film: ‘Plus-X’ sheet. 





Field of Application 


Nature of Work 


Recommended Material 





Copying (in the camera) 


Line drawings, 
documents, etc. 


Continuous-tone 
matter 


Copying (by contact 
printing) 


From black-and-white 
originals. 


From colour originals. 


From black-and-white 
originals. 


From colour originals. 
Duplicating medical radio- 


graphs:— 
First stage: 


Second stage: 


See ‘Document Copying’ 
(Contact). 





Document Copying 
(Contact) 


(See also Dye-line and Blue- 
print Reproduction, and Reflex 
Copying) 


Document Copying 
(Projection) 


Contact copying -of translu- 
cent or transparent line 
originals (transmission 
printing):— 

Negative copies. 

Direct positive copies. 

Rapid direct-positive 
copies. 


Reflex copying of opaque or 
double-sides originals :— 


Negative copies. 

Direct positive copies. 

Rapid direct positive 
copies. 


Contact prints from reflex 
negatives :— 

Contact master positives for 
dye-line and blue-print 
processes :— 


Positive copies. 


Plate: B.4; Films: ‘Kodaline’ 
Standard, ‘Kodaline’ Rapid 
Ortho, sheet. 

Plate: P.25; Films: ‘Kodaline’ 
Panchromatic sheet, 35mm 
‘Micro-File’ Panchromatic. 

Films: Commercial Fine Grain, 
Commercial Ortho, sheet, 
35mm Safety Positive; Plates: 
B.40, B.60. 

Plates: P.1200, P.300; Films: 
‘Plus-X.’ ‘Super-XX,’ sheet. 


Films: Commercial Fine Grain, 
Commercial Ortho, ‘Ortho- 
X’, sheet. 


Film: Standard X-ray. 


Papers: ‘Duostat’ !3 or 23. 

Papers: ‘Autopositive’ 42 or 43. 

Papers: ‘Autopositive’ 42, 43 
or 47, in conjunction with 
‘Duostat’ Processor. 


Papers: ‘Duostat’ !3 or 23. 

Papers: ‘Autopositive’ 42 or 43. 

Papers: ‘Autopositive’ 42 or 
43, in conjunction with 
‘Duostat’ Processor. 

Papers: ‘Duostat’ 13 or 23. 


Film: ‘Duostat’; Papers: ‘Duo- 
stat’ 19 Translucent, |8 Trac- 
ing Cloth, and ‘Autoposi- 
tive’ 42 or 47. 


Papers: 84 Projection Docu- 
ment, 85 Projection Rough 
Document, 88 Projection 
Tracing Cloth, 89 Projection 
Translucent. 
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Field of Application 


Nature of Work 


Recommended Material 


Dye-line and Blue-print For master positives (inter- 


Reproduction 


mediates)* :— 
Made by contact printing. 
Made by projection. 


For direct master or inter- 
mediate copies from 
original. 


Papers: ‘Duostat’ 12, 18 or 19. 

Papers: 88 Projection Tracing 
Cloth, 89 Projection Trans- 
lucent. 

Papers: ‘Autopositive’ 42 or 47, 
‘Duostat’ 12.. 


*Made from a negative of the original drawing or document as given under ‘Copying’ or ‘Reflex Copying.’ 


Electron Micrography Routine work — for short 


exposures and high con- 
trast. 

Similar work with longer 
exposures and_ slightly 
lower contrast. 

For reversal negative prints 
fromelectron micrograph 
negatives. 


Plate: B.10; Film: Fine-Grain 
Positive 35mm. 


Plate: L.15; Film: 35mm 
‘Micro-File’ Panchromatic. 


Paper: Bromide Waterproof. 


Negative strips. 


Film-strips 


Galvanometer 
Recording 
(Mirror oscillographs) 


Gamma-radiography 


Positive prints for projection. 
Film-strips in colour. 


With very slow moving light 
spots. 

With slow-moving light 
spots. 

With fast-moving light spots. 


Exposures with lead screens. 


Exposures with fluorescent 
screens. 


Films: ‘Panatomic-X,’ roll and 
miniature, 35mm ‘Micro-File’ 
Panchromatic, 35mm Safety 
Positive. 

Film: 35mm Safety Positive. 


Films: 35mm ‘Kodachrome’ or 
‘Ektachrome’. 


Paper: RP.20 Recording. 


Papers: RP.20, RP.25 Record- 
ing; Film: R.20 Recording. 

Paper: RP.30 Recording; Films: 
R.55, R.60 Recording. 


Films: ‘Industrex’ Type D, 
‘Crystallex,’ ‘Industrex’ Type 
S, ‘Kodirex’ (when short 
exposures are essential), ‘In- 
dustrex’ Type M (for highly 
critical work). 


Film: ‘Industrex’ Type S. 


Plate: M.R. Maximum-Resolu- 


Up to at least 1000 lines per 


Graticules 


High-Speed Still 
Photography 
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mm 
Up to 130 lines per mm 


With electronic flashtubes. 


tion. 


Plates: 
Ortho. 


B.10, B.4, ‘Kodalith’ 


Plates: P.1600, P.1200; Films: 
‘Panchro-Royal’ sheet, ‘Tri- 
X’ roll and miniature. 





Field of Application 


Infra-red Photography Formoderate-contrastresults. Plate: 


Instrument-dial 
Recording 


Lantern-slide Making 


Masking 


(See Colour-separation 
Negatives) 


Mass Miniature 
Radiography 


Medical Photography 


(See ‘Copying’ and 
‘Cinematography’) 


Metallography 


Motion Study 


Nature of Work 


For high-contrast results 
(especially process work). 


For aerial photography. 
Far infra-red. 


Still records. 


Continuous records. 


By contact or enlargement. 


Transparency low-contrast 
mask. 


Transparency highlight mask. 


Separation-negative masking. 


For medium-contrast results. 
For high-contrast results. 


For maximum speed with 
blue screens. 


Photographing patients. 


Photographing gross speci- 
mens, skin texture. 


Specimens containing red 


coloration. 


Rapid motion, low-intensity 
lighting, and photography 
in operating theatre. 


(See Photomicrography.) 


Micro-motion study. 


Chronocyclegraph study. 


Recommended Material 


IR.ER Infra-Red Extra- 
Rapid. 


Plate: 1R.30 Half-Tone Infra-Red 


Film: \nfra-red Aero. * 
Plate: Scientific I-Q. 


* Limited availability 


Plate: B.40; Films: Process, 
35mm ‘Micro-File’ Panchro- 
matic. 


Films: l6mm_  Cine-Kodak 
‘Plus-X’ Negative, !6mm 
R.55 Recording. 

Plates: L.10 (hard), L.I5 
(normal). 

Plate: P.600; Film: Masque 
sheet. 


Film: ‘Kodaline’ Rapid Ortho. 


Plates: B.60, B.40; Film: Com- 
mercial Fine-Grain Sheet. 


Film: ‘Fluropan’ Panchromatic. 


Film: ‘Flurodak’ Green-Sensi- 
tive. 

Film: ‘Flurodak’ Blue-Sensi- 
tive. 


Film: ‘Ortho-X’; Plate: O.800 


Film: Commercial Ortho; 
Plate: O.250. 


Film: ‘Panatomic-X’; Plate: 


Films: ‘Panchro-Royal,’ Super- 
XX,’ sheet, ‘Tri-X,’ roll and 
miniature; Plates: P.2000, 
P.1600, P.1200, O.800. 


Films: l6émm_ Cine-Kodak 
‘Plus-X’ or ‘Tri-X’ Reversal. 


(See Data Sheet IN-7) 
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Field of Application 


Photomechanical 
Processes 


Line and screen 
negatives 


Continuous-tone 
negatives 


Positives 


Composite work 


Nature of Work 


From black-and-white 
originals :— 


Maximum-contrast results. 


For short exposures. 


Coarse-screen work. 


From coloured subjects (in- 


Recommended Material 


Plates: ‘Kodalith’ Ortho, B.4; 
Films: ‘Kodalith’ Super 
Ortho, ‘Kodalith’ Ortho, 


‘Kodaline’ Standard, sheet. 


Plate: P.200; Films: ‘Kodaline’ 
Panchromatic and Rapid 
Ortho, sheet. 


Papers: ‘Kodalith’ Translucent, 
Glossy and Lustre. 


cluding colour separation) :— 


Maximum-contrast results. 


For shorter exposures. 


From black-and-white 
originals 


From coloured subjects (for 
monochrome reproduc- 
tion). 


Separation negatives. 


From lineorscreen negatives. 


From continuous-tone 
negatives. 


Continuous-tone work. 


Line or screen work. 


Continuous-tone subjects by 
indirect screen process or 
by photogravure. 
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Plates: ‘Kodalith’ Panchro- 
matic, P.25; Film: ‘Koda- 
line’ Panchromatic. 

Plate: P.200. 

Plates: ©.250, B.60, B.40; 

Films: Commercial _ Fine- 

Grain, Commercial Ortho, 

sheet. 

Plates: P.1200, P.300; Films: 


‘Super-XX,’ ‘Plus-X,’ sheet. 


See ‘Colour-separation Nega- 
tives’. 


‘Kodalith’ Ortho, B.4; 
Films: ‘Kodalith’ Super- 
Ortho, ‘Kodalith’ Ortho, 
‘Kodaline’ Standard, sheet. 


Plates: B.60, B.40; Films: 
Commercial Fine Grain, Pro- 
cess, sheet. 


Plates: 


Film: Continuous-Tone Trans- 
parent Stripping. 


Film: ‘Kodalith’ Transparent 
Stripping; Paper: ‘Kodalith’ 
Glossy, ‘Kodalith’ Lustre. 


Plates: IR.ER., P.1200, P.300; 
Film: ‘Super-XX’, sheet. 





Field of Application 


Photomicrography 


(including Metallography) 


Photo-elastic Stress 
Analysis 


Profile Projection 


Radiography— 
Industrial 


Nature of Work 


Non-coloured specimens. 


Coloured specimens (mono- 
chrome rendering):— 
When photographing low- 

contrast images. 


When photographing high- 
contrast images. 


Coloured specimens (full- 
colour reproduction). 


Ultra-violet micrography:— 
Down to 210mu. 
Below 210mu. 


Phase-contrast work. 


Direct-positive prints. 


Short exposures. 


High-contrast results. 


Colour records. 


Production of translucent 
photographic master 
screens. 


Light-alloyspecimens, plastics, Films: 


and ferrous specimens up 
to ¢ inch thick. 
Light-alloy specimens, 
plastics, wireless, valves, 
etc., which may contain 
fine defects. 
Heavy-metal sections:— 
For shortest exposures. 


For fine detail. 
For finest detail. 


For very high kilovoltage 
work. 


Recommended Material 


Plates: B.60, B.40; Film: Pro- 
cess, sheet. (If a green filter 
is used, with achromatic ob- 
jective, O.250 plate, Com- 
mercial Ortho film). 


Plates: P.200, O.250, B.40; 
Films: ‘Kodaline’ Panchro- 
matic, ‘Kodaline’ Rapid 


Ortho, Commercial Ortho, 
Commercial Fine-Grain, 
sheet. 


(According to colour rendering 
required.) 


Plates: P.1200, 0.800; Films: 
‘Super-XX,’ ‘Ortho-X,’ 
sheet. 


(According to colour rendering 
required.) 


Films: ‘Ektachrome’ Type B or 
Type F, ‘Kodachrome’ Type 
A. 


Plate: B.10. 

Plates: ‘Ultra-Violet-Sensi- 
tized’ Scientific Plates !-O 
11-O or I11-O. 

Plate: O.250; Film: ‘Kodaline’ 
Rapid Ortho with ‘Wratten’ 
filter No. 61. 

Paper: Reversal Waterproof. 


Plates: P.1600, P.1200; Films: 
‘Panchro-Royal,’ Super-XX,’ 
sheet. 

Plate: P.200; Film: ‘Kodaline’ 
Panchromatic. 

Film: ‘Ektachrome’ Type B. 


Plate: B.4 Matt. 


‘Industrex’ Type D for 
routine work, ‘Kodirex’ for 
assembly inspection. 

Films: ‘Crystallex’. For extra 
critical work, ‘Industrex’ 
Type M. 


Film: ‘Industrex’ Type S with 
High-Definition screens. 

Film: ‘Industrex’ Type D with 
lead screens. 


Film: ‘Crystallex’ with lead 
screens. 
Film: ‘Industrex’ Type M. 
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Field of Application 


Radiography— 
Medical 


Rapid Processing 


Reflex Copying 


(See also Copying, and 
Dye-line and Blue-print 
Reproduction) 


Reversal Processes 


(See also Photomechanical 
Processes) , 


Silk-screen Process 


Spectrography 


Template Photography 
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Nature of Work 


Extreme speed with screens. 
Moderatespeed withscreens. 


Direct X-ray exposures. 


Negative within 20 seconds 
for wet printing. 


Negative within three 
minutes using fast plates 
or films with solution at 
room temperature. 


Direct positive prints from 
documents. 


Routine work. 


Direct positive for subse- 
quent dye-line printing. 


Photomechanical. 


Portraiture. 


For negative-making :— 
Black-and-white originals. 


Coloured originals. 


Approx. 220-650m:— 


Weak sources. 
Normal-intensity sources. 
High contrast and resolu- 
tion. 

Approx. 220-460 my :— 
Weak sources. 
High-contrast and resolu- 

tion. 


Uniform gammain near ultra- 
violet region. 


Infra-red spectrography. 
Spectrography below about 
220 mu. 


Copying original drawing. 
Sensitizing metal. 


Recommended Material 


Film: ‘Blue-Brand’. 
Film: Standard. 


Film: ‘Kodirex’. 


Film: Quick-Finish Panchro- 
matic 35mm. 


(Using Quick-Finish chemicals at 


110°F) 
Plates: P.1600, P.1200, 0.800; 
Films: ‘Panchro-Royal, 


‘Super-XX’, sheet. 
(Using Quick-Finish Chemicals at 
70°F) 


Papers: ‘Autopositive’ 42, 43, 
47, in conjunction with 
‘Duostat’ Processor. 


Papers: ‘Duostat’ 12, 23. 
Papers: ‘Autopositive’ 42, 43. 


Film: ‘Kodaline’ Rapid Ortho; 
Plates: B.4, B.10, P.25. 


Paper: Reversal Waterproof. 


Plate: B.4; Films: ‘Kodaline 
Standard, ‘Kodalith’ Ortho’. 


Plate: P.25; Film: ‘Kodaline’ 
Panchromatic. 


Plate: P.1600. 
Plate: P.300. 
Plates: P.25, P.200. 


Scientific Plate 0-O. 
Plates: L.15, B.10. 


Plate: Uniform-Gamma. 


See Data Booklet SE-3. 
‘Ultra-Violet-Sensitized’ Scien- 
tific Plates 1-O, II-O or III-O. 


Plates: B.4, P.25. 
Paper: Transfer-Sensitizing. 





Field of Application Nature of Work Recommended Material 


Ultra-violet For fluorescence containing Plates: P.1600, P.1200 (with 

Fluorescence red. ‘Wratten’ filter No. 2B). 

Photography For blue or predominantly Plate: ©O.800 (with ‘Wratten’ 
green fluorescence. filter No. 2B). 


Ultra-violet 
Photography 
(Using direct rays) 


(See Data Sheet SC-3). 


X-ray Crystallography General routine work. Films: ‘Industrex’ Type D, 
‘Kodirex’. 
For specially fine detail. Films: ‘Crystallex’, ‘Industrex’ 
Type M. 
X-ray Micrography For finest grain. Plate: M.R. Maximum-Resolu- 
tion. 
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Product names quoted thus 
‘KODAK’ 


are trade marks 
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THE CHARACTERISTICS AND CHOICE 
OF ‘KODAK’ RECORDING MATERIALS 


CHARACTERISTICS 


Handling 

Recording materials are available either on a film or paper base. The 
paper base used is very robust and stands up well to handling in the wet 
state, but film is stronger and may be preferred if it has to pass through 
the recording instrument at high speed. 

Both films and papers tend to expand during processing and contract 
whilst drying, though these dimensional changes are much less marked 
in the case of film than paper. When the photographic records are 
needed for accurate quantitative measurements, therefore, it is advisable 
to expose a suitable scale along with the trace patterns. 

Recording papers RP.20 and RP.30 have a glossy surface which is of 
advantage for the maximum resolution of image detail. Both this glossy 
surface and the matt or semi-matt surfaces of RP.12, ‘Linagraph’ 480, 
and RP.35 will readily accept pencil or ink annotations. 

Like all other photographic materials, recording materials are affected 
by heat, moisture, surface pressure, and certain types of radiation—such 
as X-rays and gamma rays—in addition to the light to which they have 
been sensitized. They can also be spoiled by various chemicals, often 
in the gaseous or volatilized state. Recording materials should, therefore, 
be well protected and stored by keeping them in a cool, dry place, entirely 
free from contamination by chemicals such as coal gas, hydrogen sulphide, 
sulphur dioxide, turpentine, industrial solvents, motor exhaust fumes. 

Care should be taken to protect the recording materials from finger- 
marks, scratches, and abrasions before, during, and after processing, since 
such marks may be mistaken for recorded traces, and in any case impair 
the quality of the record. 

After use, any remaining unexposed sensitized materials should be 
carefully re-packed in the original protective wrappings, which should 
be retained for that purpose. 


Colour sensitivity 

Photographic emulsions untreated by colour-sensitizing dyes are princi- 
pally sensitive to ultra-violet and blue radiation. Such materials are 
adequate for recording white light or cathode-ray tubes with blue emission. 
When the sources of illumination in recording instruments are rich in 
red or green, some additional colour sensitizing is necessary for the best 
results. Orthochromatic materials, having increased sensitivity in the 
green region of the spectrum, are very suitable for records of green- 
fluorescent screens. The maximum response to tungsten light, and to 
screens with a red emission is given by panchromatic materials, which 
are sensitive to red as well as to green and blue. However, to use a 
colour-sensitized material when it is not essential will make darkroom 
handling more difficult, since the dark-red or dark-green safelighting 
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required for most orthochromatic or panchromatic materials gives much 
lower visibility than the red safelighting permissible for blue-sensitive 
materials. 


Emulsion speed and contrast 

The choice of the most suitable speed of recording material will be 
determined primarily by the intensity and spectral quality of the illumi- 
nation, and the writing speed (linear velocity) of the luminous spot. 

The figures in the following table represent the relative sensitivities 
of the recording materials, at an exposure time of | millisecond, to tungsten 
light (3200°K) unfiltered, filtered by the ‘Wratten’ Filter No. 47B (deep 
blue), and filtered by the ‘Wratten’ Filter No. 58 (green). The sensi- 
tivity of R.60 film is taken to be 100 in all three cases. These figures 
may serve as a guide, but the exact exposure should be ascertained by 
practical trial. 


Material Tungsten Blue light— Green light— 
light (3200°K) | ‘Wratten’ No. 47B | ‘Wratten’ No. 58 


Fims* 
R.60 
R.55 


Paperst 

RP.35 

RP.30 
‘Linagraph’ 480 
RP.20 





NOTE: The speed of RP.12 Paper is not quoted since it is not possible to determine it on the same basis 

as the figures quoted above. Information on the sensitivity of RP.12 will be found in Data Sheet PP-8A. 
*For more complete information concerning R.55 and R.60 Films see Data Sheet FM-60. 

+For more complete information concerning RP.20, RP.30, RP.35, and ‘Linagraph’ 480 Paper see Data 
Sheet PP-8. 

The degree of contrast obtainable from a recording material varies 
considerably between one type of material and another. A high-contrast 
material will often be of great advantage in a recording instrument which 
provides little difference in contrast between the trace and the background 
—a shadow galvanometer for instance. Generally, high-speed materials 
have lower maximum contrast than low-speed materials. Therefore, 
when recording very rapidly moving traces, clarity of the image against 
the background may have to be sacrificed to ensure adequate exposure. 

More detailed information concerning the characteristics of recording 
materials will be found by reference to the appropriate Data Sheets. 


CHOICE 

As each individual job involves conditions and requirements which 
affect the choice of a material, it is not always possible to make specific 
recommendations. In any case, owing to the physical and sensitometric 
characteristics of a material being dictated by the design of a particular 
instrument, there may in many cases be virtually no choice. Further 
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details on the sizes and thickness of recording films may be found in Data 
Sheet FM-60, and of recording papers in Data Sheets PP-8 and PP-8A. 

Materials other than those termed recording materials may frequently 
be useful for recording purposes—Quick-Finish Panchromatic Film 
(Data Sheet FM-54), ‘Royal-X’ Pan Sheet and Roll Film (Data Sheets 
FM-44 and FM-50), and the miniature films (Data Sheets FM-51, 
FM-52, and FM-53) are amongst these. 

The following recommendations are given as a guide. 


For use with cathode-ray-tube oscillographs 


The factors determining the choice of a photographic material to 
record traces displayed on a cathode-ray tube are principally the spectral 
quality and the intensity of the light emitted, the speed of the moving 
trace, and the contrast between the trace and the background. 

A general guide from which to begin selection is as follows :— 


Blue Screens Film 


High-speed traces . . . . . . . . «| R60, R.55 RP.35, RP.30 
Low-speed traces focal a} ORS. RP.20 


Green Screens Film 


High-speed traces . | R.60, R.55 — 
Low-speed traces : R.55 ‘Linagraph’ 480 


Red Screens Film 


High-speed traces ‘ }reo 
Low-speed traces 





For use with galvanometers 


The applications of these instruments are extremely diverse and the 
rate of travel of the material may vary from a few inches per second to 
speeds in excess of 100 feet per second, with a corresponding variation in 
exposure. The photographic requirements for this type of recording 
extend over the whole range of ‘Kodak’ recording materials. To record 
a moving white light-spot the following materials are available :— 


Speed of Light-Spot 


Extremely fast j a 


Very fast . . . . |. : RP.30, RP.35 
Fast’ sso 30-3. Soe Sr mat vinwigie ‘Linagraph’ 480, RP.20 
Relatively slow . . . . 2. . 1s. RP.20 
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For use with seismograph recording apparatus 


Photographic materials are frequently used to record from seismo- 
graphic equipment; ‘Linagraph’ 480 Paper is excellent for this purpose. 


For dial recording 


R.55 Recording Film is a very fast orthochromatic film which has an 
unusually high degree of contrast for its speed. It is particularly suitable 
for recording the readings on dials, gauges, and other similar instruments. 

Further information on techniques and materials suitable for dial 
recording will be found in Data Sheet IN-3, “Automatic Recording of 
Instrument Panels”’. 


Kodak, Linagraph, and Wratten are trade marks 
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‘KODAK’ PHOTO-SENSITIVE RESISTS IN INDUSTRY 


“Kopak’ photo-sensitive resists are solutions of light-sensitive resins in 
organic solvents. They form water-insoluble and chemical-resistant 
coatings when applied to almost any material. After exposure, the 
image is “developed”, i.e., the unexposed areas of the resist are removed 
using special organic solvents, leaving a resist stencil which offers higher 
chemical resistance than any other photo-sensitive resist coating. Stencils 
produced using ‘Kodak’ resists are highly resistant to all commonly used 
etching solutions, and will withstand electroplating and electro-etching 
processes. The resist stencil may also be coloured to produce decorative 
and other designs on various surfaces. 


DEFINITIONS 


Before embarking on an account of the ‘Kodak’ range of photo-sensitive 
resists and of their industrial applications, the terms which will be used 
to describe the various processes must be defined. This is because of 
the divergence of opinions as to the definition of such terms as chemical 
milling, photo-etching, etc., and also because the techniques overlap in 
terms of the depth of material removed by etching solutions. 

Three basic terms will be used in this Data Sheet when referring to 
the various processes : 


| Photo-etching, which is the use of photo-sensitive resists and etching 
solutions to selectively remove material, thus producing designs in the 
material to a relatively moderate depth. Examples of photo-etching are 
the production of printed circuits, of name plates, and of decorative 
patterns in sheet metal. 


2 Photo-fabrication, which is the etching out of metal of small parts, 
tools, and dies using resists. 


3 Photo-milling, which is the selective removal of excess material using 
resists and etching techniques, often for the purpose of weight reduction, 
e.g., in the aircraft industry. This technique is also referred to as 
‘chemical milling”, a term which, in the United Kingdom, is more often 
used generically to describe all the techniques listed above. 


APPLICATIONS 


The use of photo-sensitive resists in the working and converting of 
metals and many other materials is a relatively new concept. Conven- 
tional methods of working these materials usually employ physical action, 
such as drilling, grinding, milling, and stamping, but this often seriously 
affects the physical characteristics of the completed part or unit. It is 
difficult to work physically on a solid without changing the inherent 
structure of the remaining material. 

The concepts of photo-etching and photo-milling have become realities. 
Accuracy, reproducibility, and simplicity are easily achieved by means of 
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photography, and photo-sensitive-resist processes complement other 
photographic fabrication methods, such as electro-forming. Designs can 
now be put into metal, parts can be made, and excess metal can be 
removed without fear of distortions, strains, or of points of weakness 
being created. Broad areas, as well as minute details, can be worked, as 
attested by the makers of missile skins and semi-conductor devices. 


‘Kodak’ photo-sensitive resists have been used in the manufacture of 
printed circuits and to act as plating resists in special circuit applications. 
As the current trend of miniaturization in printed circuits continues, the 
importance of holding precise detail within narrow tolerances will increase; 
photography greatly simplifies the fulfilment of this condition. 

These resists are also ideal for use in photo-milling, a technique which 
is especially important in the field of weight reduction in aircraft, missiles, 
and space vehicles. Photo-milling has also been used to reduce the 
weight of the units and assemblies which make up the payload of the 
aircraft, missile, or space vehicle. Weight and excess metal can be 
removed by photo-milling without fear of distortion or of creating a 
structural weakness owing to cutting or to scribe marks. Photo-milling 
provides a quick, easy, reliable, and reproducible means of weight control 
without the disadvantage and expense usually associated with die stamp- 
ing or physical milling. 

Because of their ability to reproduce fine detail exactly, ‘Kodak’ photo- 
sensitive resists are particularly useful in the field of micro-miniaturization. 
This includes the fabrication of semi-conductor devices and specialized 
applications in micro-electronics. These resists are capable of faithfully 
reproducing almost any detail that can be put into negatives or positives. 
In many cases, photographic methods are the only means of producing 
special circuitry units. 

Another new technique of metal forming is electro-deposition. Basic- 
ally, a fine-detail mask or component is formed by using a photographically 
produced resist image as a stencil through which metal is deposited by 
electrolysis. Extremely fine and precise screens and grids can be made 
by this technique. Alternative techniques employ vacuum deposition 
through resist stencils or photo-etched metal masks. 

Photo-fabrication is just beginning to find its place in the manufacturing 
industry. It involves making a part by using photography as the basic 
tool. Normally, small parts are made either by hand cutting or by 
making a die and stamping the parts from sheet metal. Usually the cost 
and time consumed by these mechanical methods is so high as to become 
restrictive. By means of photography, a part can be drawn, photo- 
graphed, exposed on to metal, and etched out quickly, precisely, and 
inexpensively. When relatively small numbers are involved, the entire 
process can be completed in a single day. 

An offshoot of metal working is metal decorating. Several firms are 
employing photographic techniques for making decorative designs on 
metal, glass, and ceramic surfaces. 

‘Kodak’ photo-sensitive resists are particularly applicable to the making 
of name plates, dials, gauge faces, and other specialized identification 
plates. 
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THE ‘KODAK’ RANGE OF PHOTO-SENSITIVE RESISTS 


There are seven ‘Kodak’ photo-sensitive resists which are suitable for 
various applications. Each resist has its own associated processing 
solutions and these may not be used interchangeably, unless otherwise 
indicated. These resists, together with their ancillary chemicals, fall 
into two groups—those based on hydrocarbon-type solvents (viz., 
KPCR, KMER, and KTFR), and those based on ester, Ketone, or 
chlorinated-hydrocarbon-type solvents (viz, KPR, KPR2, KPL, and 
KOR). 


‘Kodak’ Printed-Circuit Resist (KPCR) 


This is a general-purpose resist capable of resolving lines down to a 
width of 0-001 inch (25 microns). KPCR is designed for use on a 
variety of materials including copper laminates, brass, stainless and mild 
steels, aluminium alloys, anodized aluminium, glass, and ‘Perspex’. It 
is suitable for use in the manufacture of printed circuits, especially 
when mass-production techniques are used, and in the production of 
name plates; for these applications stoving is not usually necessary. 

The following ancillary solutions are supplied for use with KPCR: 

Printed-Circuit Resist Developer 
Printed-Circuit Resist Dye-Developer 
Printed-Circuit Resist Gravure Dye-Developer 


Printed-Circuit Resist Thinner 
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‘Kodak’ Metal-Etch Resist (KMER) 
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Spectral-sensitivity curve for KPCR, KMER, and KTFR 
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This resist has four times the solids content of KPCR and, therefore, 
an extremely high resistance to vigorous or prolonged etching. It is 
intended principally for use in photo-milling, being designed for the 
deep etching of aluminium, titanium, stainless and tool steels, and other 
metals used for structural purposes. Additionally, it is suitable for use 
in the field of semi-conductor fabrication on such materials as ger- 
manium, molybdenum, silicon, and tantalum. 

The following ancillary solutions are supplied for use with KMER: 

Metal-Etch Resist Developer 
Metal-Etch Resist Thinner 
Photo-Resist Dye (Black) 


‘Kodak’ Thin-Film Resist (KTFR) 


A highly refined resist of the same type as KMER, specially developed 
to meet the increasingly exacting requirements of all branches of micro- 
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electronics production where high resolution and clean image develop- 
ment are essential. It is designed specifically for coatings in the thick- 
ness range from 0-0003 inch (7:5 microns) down to fractions of a micron. 
For thicker coatings, KMER is recommended, as exposure times with 
KTFR would be excessive. 

The ancillary solutions for KTFR are the same as those for KMER 
and, in general, the techniques for using both resists are the same. 

This resist is available only to special order. 


‘Kodak’ Photo-Resist (KPR) 
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This was originally designed for use in the making of letterpress and 
lithographic printing plates. KPR images can be used as ink-receptive 
areas on litho plates. However, the principal use of this resist is in the 
production of photographically accurate printed circuits and name plates. 
Because it is capable of higher resolution than KPCR, KPR is widely 
used in micro-miniaturization. If required, KPR can be developed in 
a trichlorethylene spray-vapour degreaser; this is an ideal method for 
mass production as the stencil is produced ready for etching without 
further treatment. 

The following ancillary solutions are supplied for use with KPR: 

Photo-Resist Developer 

Photo-Resist Dye (Black) 

Photo-Resist Thinner (for photo-engraving) 
Photo-Resist Thinner (for photolithography) 
Desensitizing Etch (for photolithography) 


‘Kodak’ Photo-Resist, Type 2 (KPR2) 

This resist is of the same type as KPR but has a higher solids content 
and so gives thicker, more chemically resistant layers. A single appli- 
cation of KPR2 will produce a coating which gives greater resistance to 
electroplating and deep-etching baths. ‘Kodak’ Ortho-Resist Thinner 
and Developer are recommended for use with KPR2, although KPR 
Thinner (for photo-engraving) and KPR Developer can be used. 


‘Kodak’ Photo-Sensitive Lacquer (KPL) 

This resist has four times the solids content of KPR and faster- 
evaporating solvents, which permit thicker coatings to be made than are 
possible with KPR or KPR2. KPL can be used by itself or with suitable 
additions of KPR or KPR Thinner (for photo-engraving) to adjust the 
solids content and obtain any desired coating thickness. KPL is used in 
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conjunction with KPR Developer and KPR Thinner (for photo-engrav- 
ing). Images made using KPL are suitable for use as sandblast resists 
with fine abrasives on Nesa (tin oxide) films. 

This resist is available only to special order. 


‘Kodak’ Ortho Resist (KOR) 


20 
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Spectral-sensitivity curve for KOR 


This resist is similar to KPR but has increased speed, owing to its 
extended spectral sensitivity, and increased solids content and viscosity. 
For comparable coating thicknesses on the same material with exposure 
by the same light-source, KOR is faster than KPR by factors of 8-16 for 
arc-light exposures, and 20-40 for tungsten-light exposures. Because of 
its orthochromatic sensitizing, KOR can be exposed through glass lens- 
systems, thus making possible many resist applications hitherto considered 
impracticable. 

The following ancillary solutions are supplied for use with KOR: 

Ortho-Resist Developer 
Ortho-Resist Thinner 
Photo-Resist Dye (Black) 


SELECTION OF A SUITABLE RESIST 


The careful selection of a suitable resist for a specific purpose is 
important if optimum results are to be obtained from the process. 

In general, KPR and KPCR should be used whenever it is desired to 
etch or plate copper or high-copper alloys. These resists should also be 
used when working on a clear or light-coloured anodized aluminium 
surface; if KMER is used, a slight but permanent discoloration of the 
anodized layer will occur. 

KMER has better adherence to a number of metals, including alu- 
minium, molybdenum, steel, stainless steel, and titanium. For coatings 
of equal thickness, the performance of KMER on these metals is probably 
a little better than with the other resists. However, it is more difficult 
to minimize residual scum with KMER than with KPR or KPCR. But 
such a residue is not easily visible and is usually no problem with many 
of the potent etching solutions used. 

Silicon oxide masks may be produced by using either KPR, KMER, 
or KTFR. In this case, acid fluorides are used to etch the surface, and 
it is desirable to use a paste of such an etchant to afford good control 
over the etching process. 

Many users find that where mixtures of hydrofluoric and nitric acids 
are necessary for etching, KMER images are to be preferred. Using 
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KMER, thin gold films can be etched with a mixture of concentrated 
hydrochloric and nitric acids (agua regia). Deep etching of elemental 
silicon is being undertaken with either KPR, KMER, or KTFR as the 
resist. 

KOR may be used in all those applications for which KPR is recom- 
mended, especially where exposures must be made to tungsten light or 
by projection. 


Printed circuits 


Printed circuits may be manufactured by photo-etching on copper-foil 
laminates or by plating through a resist image. KPR or KPCR can be 
used depending on the type of development required (i-e., with the 
normal developer or, in the case of KPR, with trichlorethylene vapour. 
KPR2 is specially suitable as a plating resist. 


Name plates 


KMER, KPCR, or KPR can be used to make surface-type, etched-and- 
plated, and etched-and-filled name plates. In general, KMER is recom- 
mended for all name plates except those on copper alloy surfaces and on 
clear or light-coloured anodized aluminium, for which KPR or KPCR is 
to be preferred. Removal of the resist from etched-and-filled name 
plates can be accomplished by immersion in a solvent. 


Weight reduction 


KPR or KPCR can be used for the photo-milling of copper alloys, 
but KMER is usually preferable for most other metals. 


Small-parts manufacture by photo-fabrication 


Small-parts manufacture is accomplished by either etching or electro- 
forming, the techniques employed being similar to those used in weight- 
reduction and other applications. This offers an ideal way of making a 
variety of small parts, since the cost of making a die is eliminated and 
production time is very short. The choice of an appropriate resist will 
depend on the material to be worked, so the general recommendations 
given above should be followed. 


Semi-conductor devices and micro-circuitry 


A fast-growing application of photo-sensitive resists is the fabrication 
of semi-conductor devices and miniature electronic circuitry. Owing to 
the small size and precision of these devices, the techniques used to 
obtain the desired microphotographic images are very specialized and 
are, therefore, beyond the scope of this Data Sheet. So, too, are the 
many possible variations of processes for the manufacture of semi- 
conductor devices because much of the technology for their manufacture 
is of a proprietary nature. The choice of a suitable resist should be 
guided by the foregoing general recommendations. 


Decorative designs 


Another relatively new application of photo-sensitive resists is the 
etching of decorative designs in metals, glass, and ceramics. Attractive 


SE-9 6 


designs may be etched into such items as lift doors, metal panelling, or 
other similar items, at comparatively low cost using KMER. 


Tool and die fabrication 


Many types of precision tools and dies can be made easily and in- 
expensively from tool steel using KMER and etching techniques. The 
chief advantages of photo-fabricated dies over those made by conventional 
methods are rapid fabrication of complex patterns, lower cost, and simple 
replacement of the die. 


PHOTO-SENSITIVE-RESIST TECHNIQUES 


The following fundamentals apply to all applications of ‘Kodak’ photo- 
sensitive resists. Full working details are available from the Industrial/ 
Professional Sales Division of Kodak Limited at Kingsway, London, 
W.C.2, England. 


Safe practices 


The following safe practices should be observed when using resists or 
their ancillary solutions: 


They must not be used near excessive heat, open flames, or sparks. 
They should be used in a well-ventilated room and, where large volumes 
of work are to be handled, a local extractor fan should be installed. Tanks 
should be kept covered when not in use, and unnecessary contact of the 
skin with the solutions should be avoided. Containers for the resists 
and their ancillary solutions should be of glass, earthenware, or metal; 
plastics or hard-rubber tanks should not be used. It is important that 
there should be no water contamination of the developer as the slightest 
trace will impair the adhesion of the resist. 


Safelighting 


‘Kodak’ photo-sensitive resists (with the exception of KOR) are 
sensitive only to the blue and ultra-violet regions of the spectrum and 
may, therefore, be used with a fairly high level of working illumination. 
This should be provided by yellow fluorescent tubes, or ordinary flu- 
orescent tubes completely covered with ‘Kodak’ Non-Photographic 
Filter No. 558/13 (Type E). In both cases, opaque tape should be 
used to mask the junction of the glass tube and its end-caps to prevent 
any ultra-violet radiation from leaking out and fogging the resist. With 
KOR, the illumination should come from safelamps fitted with ‘Wratten’ 
Series 1A (light red) safelight filters. Additionally, with KTFR 
and KOR, when using a microscope to register an image mask over a 
previous image, a ‘Wratten’ Filter No. 25 or No. 29 should be used in 
the light-beam to prevent fogging. 

Windows having access to daylight should be covered with the Non- 
Photographic Filter mentioned above or, better, they should be com- 
pletely blanked out. Similar precautions to those mentioned in the 
preceding paragraph should be taken to prevent the leakage of ultra- 
violet radiation. 
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The maximum time for which any resist can tolerate exposure to 
ambient lighting is related to the coating thickness and to the material 
on which it is coated. Generally, as the coating thickness decreases, 
the tolerance of the resist layer to ambient lighting also decreases. With 
thin coatings of KTFR, the time may be as low as 5-10 minutes even 
with yellow fluorescent tubes. Therefore, fog tests should be made to 
determine the time limits for specific combinations of resist, coating 
thickness, substrate material, and environmental factors. Light fog is 
usually more troublesome for applications involving plating than for 
those involving etching. 


Surface preparation 


It is most important to ensure that the material to be coated with resist 
is clean and dry. Grease may be removed in a vapour degreaser using 
clean solvent. Physical contaminants (such as dirt, oxides, etc.) may be 
removed with abrasives, pumice powder usually being employed. It is 
most important that all traces of the abrasive should be removed and that 
the clean surface should be scrubbed under running water. A dilute 
acid rinse, followed by a water rinse, is generally necessary. It should 
then be thoroughly dried. In some instances it may be desirable to 
apply a conversion coating to the surface before coating with resist. 
(Further details are given in the booklet “Kodak Photo-Sensitive Resist 
Techniques”, which is available on application.) 


Coating 


The conventional techniques, such as whirler coating, dipping, and 
spraying may be used. All resists may be thinned to give a variety of 
coating thicknesses. In general, the coating thickness is determined by 
the requirements for photographic resolution and chemical resistance. 
Thin coatings yield the highest resolution, while thick coatings have the 
greatest chemical resistance. 


Resist drying (Pre-bake) 


Forced drying should not be used immediately after coating as a 
surface skin may form and prevent the underlying solvent from evapo- 
rating. Instead the coated material should be allowed to stand at normal 
room temperature for a few minutes to allow most of the solvent to 
escape. Drying may then be completed using a hot-air blower, drying 
cabinet, or infra-red heater, at temperatures up to 60°C (140°F) for 
about 5 minutes. Thick resist coatings will require a longer drying 
period than thin coatings, and, for applications where maximum resis- 
tance is required, a short bake at temperatures not exceeding 120°C 
(250°F) will remove all the solvent. Higher temperatures will cause 
heat fog. 


The coated material may be used immediately or stored in a light- 
tight box at a temperature not above 16°C (60°F). Material coated 
with KPCR may be stored for up to 3 months, with KPR for up to 
1 year. 
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Exposure 

The resist layer is normally exposed in contact with a photographic 
negative or positive, except in the case of KOR which can also be exposed 
by projection. The photographic original should be produced on a high- 
contrast material, such as one of the ‘Kodalith’ materials or the M-R 
‘Kodak’ Maximum-Resolution Plate (see sections PL and FM). 

In contact printing, the best resolution is obtained with a collimated 
light-beam and a point light-source at some distance from the resist 
surface. The peak spectral sensitivities of the resists (other than KOR) 
are in the near ultra-violet, see curves on pages 3 and 4. Hence, carbon arcs, 
mercury-vapour lamps, and other high-energy sources rich in this region 
of the spectrum are most effective. Because of its orthochromatic 
sensitivity, KOR is suitable for exposure by tungsten light also. 

The exposure time will depend on a number of practical factors, such 
as the thickness of the coating, the type and distance of the light-source, 
etc. It is a feature of KPCR, KMER, and KTFR that a striking im- 
provement in speed and contrast can be achieved by exposing the resist 
in as good a vacuum as possible in a vacuum printing frame. Additionally, 
of course, use of such a printing frame ensures good contact between 
the resist and the photographic transparency during contact printing. 


Development 

The developing recommendations are different for the various resists, 
and individual developers are supplied for each resist. These chemicals 
cannot be interchanged except in the cases of KPL, for which KPR 
Developer is used; KTFR, for which KMER Developer is used; and 
KPR2, for which either KOR or KPR Developer is used. 

The developer may be used in a dish or deep tank in which the exposed 
resist can be submerged. After development the plate should be rinsed 
under an aerated water-spray and allowed to dry. KPR images can, 
alternatively, be developed in a trichlorethylene spray-vapour degreaser : 
in this case, no further treatment is required before etching. 

If image inspection is required, this may be facilitated by dyeing the 
resist image. PC Dye-Developer used with KPCR will develop and dye 
the image in one stage. A separate dye bath is supplied for KPR; it 
cannot be used as a developer. 


After-treatment (Post-bake) 

For all normal applications no curing or stoving is required. For 
certain applications, however, a post-bake after development may be 
desirable to improve the performance of the resist image during etching 
or plating operations. However, the value of the post-bake should be 
determined for the particular process employed. 


Etching, dyeing, or plating 
Full details are given in the booklet “Kodak Photo-Sensitive Resist 
Techniques”, which is available on application. 
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Image-removal 


Resist images may be removed by any of the following methods: 
| Scrubbing the image with the appropriate thinner. 
2 Buffing the surface with a dry, rotary bristle-brush. 
3 Firing-off the image by heating to 400°-500°C (750°-930°F) for 
15 minutes. 
4 Using a commercial stripper in accordance with the manufacturer’s 
recommendations. 

Thick coatings can be removed more easily than thin coatings: this 
is particularly true for coatings which have been post-baked. Thick 
coatings can frequently be stripped off in a vapour degreaser. 


Further information on the uses and applications of ‘Kodak’ photo- 
sensitive resists is available on application to the Industrial/Professional 
Sales Division of Kodak Limited, at Kingsway, London, W.C.2, 
England. 
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PLATES 





PL-| 
PL-2 
PL-4 


PL-10 
PL-1] 
PL-I2 


PL-15 
PL-16 
PL-17 
PL-18 
PL-19 
PL-20 


PL-26 
PL-27 
PL-28 
PL-29 
PL-30 
PL-31 
PL-32 


B.4 ‘Kodak’ Half-Tone Plate 
B.10 ‘Kodak’ High-Contrast Rapid-Processing Plate 
B.40 ‘Kodak’ Fine-Grain Regular Plate 


‘Kodalith’ Ortho Plate, Type 3 
©.250 ‘Kodak’ Rapid Ortho Metallographic Plate 
©.800 ‘Kodak’ Super-Speed Ortho Plate 


‘Kodalith’ Panchromatic Plate 

P.25 ‘Kodak’ Half-Tone Panchromatic Plate 

P.200 ‘Kodak’ Half-Tone Rapid Panchromatic Plate 
P.300 ‘Kodak’ Rapid Panchromatic Plate 

P.1200 ‘Kodak’ Super Panchro-Press Plate 

P.1600 Kodak ‘Panchro-Royal’ Plate 


P.900 ‘Kodak’ Colour-Separation Plate 

‘Kodak’ Lantern Plates 

‘Kodak’ Uniform-Gamma Plate for Ultra-Violet Spectrography 
M-R ‘Kodak’ Maximum-Resolution Plate 

IR.ER. ‘Kodak’ Infra-Red Extra-Rapid Plate 

IR.30 ‘Kodak’ Half-Tone Infra-Red Plate 

‘Kodak’ Air-Survey Positive Plates 


See overleaf for associated Data Sheets contained in other sections 


KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





Associated Data Sheets contained in other sections 
SC-10 Autoradiography (for details of AR.I0 and AR.50 Autoradio- 
graphic Plates) 
SE-| | General Information on ‘Kodak’ Negative Materials 
SE-2 General Classification of ‘Kodak’ Sensitized Materials 
SE-3 ‘Kodak’ Scientific Plates 
SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 
SE-6 ‘Kodak’ Photographic Materials for Technical Use 
SE-7 ‘Kodak’ Photographic Plates for Spectrography 


TPDB-32/xWP83/10-64 


PLATES 


CONTENTS EDITION 

PL-2 B.10 ‘Kodak’ High-Contrast Rapid-Processing Issue A 
Plate 

PL-29 M-R ‘Kodak’ Maximum-Resolution Plate Issue B 

PL-30  IR.ER. ‘Kodak’ Infra-Red Extra-Rapid Plate Issue C 


Associated Data Sheets in other sections 


RF-10 The Dimensional Stability of Photographic Films and Plates 


SC-10 Autoradiography (for details of AR.10 and AR.50 Autoradio- 
graphic Plates) 


PR-5 Uniform Development of Photographic Plates 

SE-| General Information on ‘Kodak’ Negative Materials 
SE-2 General Data on ‘Kodak’ Sensitized Materials 

SE-3. ‘Kodak’ Scientific Plates and Films 

SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 


Kodak is a trade mark KODAK LIMITED LONDON 


PDDB-32/x WP9/11-68 


B.4 ‘KODAK’ HALF-TONE PLATE 


General properties and uses : This thin-film process plate gives maximum 
density and contrast, and is designed for the production, in the camera, of 
screen or line negatives in photomechanical work. 

It is especially useful when making negatives from difficult copy such 
as pencil sketches and poor-quality industrial reproductions. It is highly 
suitable also for the making of contact positives from screen or line 
negatives. It is of outstanding value in photolithography by reason of 
its excellent dot-etching characteristics. For scientific purposes it is of 
great value when a slow plate of high resolving power and very great 
contrast is required, as in photometry and photomicrography (e.g., 
colourless biological specimens with fine detail, and detrital and other 
mineralogical and petrological work). 

The B.4 Plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization : Sensitive to ultra-violet and to blue light only: 
1-0 


Log Sensitivity 





Wave- length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs/cm*) required to produce a specific 
density, above gross fog, when the material is processed as recommended 
in D-8 developer. 


Speed and exposure : The speed is about 10 to 20 times that of wet-plate 
emulsions, but no actual speed or exposure figures can be given as these 
vary with the conditions under which the material is used. Exposures 
should be determined by trial, under the particular conditions concerned. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 00 (light yellow).: 
Direct lighting: ‘Wratten’ Series 0B (amber-yellow). 
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Development: Any process developer may be used, but the following 
Kodak developers are recommended: 











MODE APPROX. TIME AT 
PURPOSE DEVELOPER | DILUTION OF USE AGITATION CONTRAST | 20°C (68°F) 
Maximum D-8* 2+1 Dish | Continuous y 60 2 min 
contrast 
Very high DG-l0t +7 Dish | Continuous y 50 4 min 
cone ast D-I1* |Undiluted| Dish | Continuous} 5-0 5 min 
* Available as ‘Kodak’ Packed Developer Powders. For formulae of D-8 and D-I| see Data 
+ Available as a ‘Kodak’ Liquid Developer. Sheet FY-2 or Graphic Arts Leaflet GA-14. 
Sensitometric curve + 


The data on which this 

curve is based are for the 

average product. Because 30 
this material is normally 

used only for high-contrast 

work, time-gamma curves 

are not given and should 

be determined, when re- 20 
quired, under the actual 

working conditions. 


Characteristic curve for 


‘Kodak’ B.4 plate devel- > 
oped in D-8 developer é 
(diluted 2 +1) for 2 minutes a 
at 20°C (68°F). 0 1-0 2-0 3-0 40 


Relative Log. Exposure 


Time-temperature curves 
75 


Temperature (°F) 
3 
Temperature (°C) 





2 3 4 5 10 15 20 30 40 
Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 24°C 
(75°F) without special precautions (see Data Booklet GN-5). 
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Stop bath: When development is complete, the plate should be removed 
from the developer and immersed for about 10 seconds at 18°-24°C 
(65°-75°F) in a stop bath made up from ‘Kodak’ Liquid Stop Bath with 
Indicator. Alternatively, the plate may be rinsed in a stop bath made 
up according to Kodak formula SB-1la (see Data Sheet FY-4 or Graphic 
Arts Leaflet GA-14). 


Fixing, washing, and drying: The negative or positive should be fixed at 
a temperature of 18°-24°C (65°-75°F) in one of the following ‘Kodak’ 
fixers—‘Kodafix’ Solution, AM-33 Rapid Liquid Fixer, with or without 
AM-33H Hardening Additive, ‘Unifix’ Powder, or ‘Metafix’ Powder— 
for twice the time taken to clear. Alternatively, a solution made up 
according to Kodak formula F-5 or F-24 may be used for the same time. 
(For formulae see Data Sheet FY-4 or Graphic Arts Leaflet GA-14). 

Five minutes’ washing in running water at 18°-24°C (65°-75°F) is 
sufficient for most purposes. When permanence is a factor to be con- 
sidered, the negative or positive should be washed in running water in an 
efficient washing vessel for at least 15 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, at 
the dilution recommended. The plate should then be dried in a dust- 
free atmosphere. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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PHOTO-FLO 
UNIFIX 
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B.10 ‘KODAK’ HIGH-CONTRAST 
RAPID-PROCESSING PLATE 


General properties and uses: The B.10 plate is specially recommended 
for ultra-violet spectrography down to about 210 mu (Data Sheet SE-7). 
Below this the speed falls off fairly rapidly. Itis much less easily abraded 
than a Schumann-type plate, and is very much cleaner working. In the 
usual spectrographic sizes this plate is available on thin (0-040 in.) glass. 

Other specialised uses of the plate include high-resolution photo- 
micrography, in the blue or the ultra-violet region (Data Sheet SC-4), and 
electron-micrography, particularly with those instruments employing 
plates of size 2x 10 in. 

This plate is available unbacked or with an anti-halation backing which 
clears during development. 





Sensitization: Sensitive to ultra-violet and to blue light only :— 


3638 40 42 44 46 48 $0 S2 S4 S6 SB 60 42 O46 Ob OB 
UY. | Blue | Green | “Red 


Sensitivity Curve to Tungsten Light (3200° K) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed and exposure: This plate, for spectrographic purposes, has about the 
same speed as Schumann plates for wave-lengths down to about 210 mu. 
However, no actual figures can be given as these vary with the conditions 
under which the material is used. Exposures should be determined by 
trial, under the particular conditions concerned. 


Development: Any process developer may be used, but the following 
Kodak developers are recommended :— 


Purpose Developer Dilution Agitation 68 F 00°C) 


Spectrography D.19b* | Undiluted Continuous 3 min 


Photomicrography and | D.I9b* | Undiluted Continuous | 4-6 min 
electron-micrography 





* Available as a ‘Kodak’ Packed Developer Powder For formulae see Data Sheet FY-2 
Alternatively the concentrated liquid ‘Kodak’ DX.80 Developer (diluted | 4-4) may be used. Times 
should be about four-fifths those in D.19b. 

Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 0B 
(lime yellow). 
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Time-temperature curve 





Temperature (°F.) 





2 3 405 10 1s 20 30 40 
Time of Development (minutes) 


The developing times at various temperatures corresponding to 3 minutes 
at 68° F are shown. Corresponding curves for other development times 
at 68° F can be drawn parallel to that shown. Best results are obtained 
between 65° and 70° F and development should not be carried out above 
75° F without special precaution (see Data Booklet GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener, or ‘Kodak’ Acid 
Fixer Powder, for twice the time taken to clear; the plate fixes sufficiently 
for most purposes in | or 2 minutes. Alternatively, a solution made up 
according to Kodak formula F.52 or F.54a (for formulae see Data Sheet 
FY-4) may be used for the same time. 

Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negatives or positives 
should be washed in running water in an efficient washing vessel for at 
least 10 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The plate should then be dried in a dust-free 
atmosphere. 


Varnishing: The emulsion of this plate is not as robust as that of most 
ordinary plates. It is recommended, therefore, that completed plates be 
varnished before they are subjected to a considerable amount of handling, 
although this is not essential if care is exercised. Most negative varnishes 
can be used, ‘Kodak’ Negative Varnish being particularly suitable. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, and Kodaline are trade marks 
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B.10 ‘KODAK’ HIGH-CONTRAST 
RAPID-PROCESSING PLATE 


General properties and uses: The B.10 plate is specially recommended 
for ultra-violet spectrography down to about 210 my (Data Sheet SE-7). 
Below this the speed falls off fairly rapidly. It is much less easily abraded 
than a Schumann-type plate, and is very much cleaner working. In the 
usual spectrographic sizes this plate is available on thin glass 1-Omm 
(0-040 in) thick. 

Other specialized uses of the plate include high-resolution photo- 
micrography, in the blue or the ultra-violet region (Data Sheet SC-4), and 
electron-micrography, particularly with those instruments employing 
plates of size 2x10 in. It is also suitable for reversal processing; full 
details of the treatment necessary are given in Data Sheet FY-3. 


This plate is available unbacked or with an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to blue light only: 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reci- 
procal of the exposure (expressed in ergs/cm?) required to produce a 
specific density, above gross fog, when the material is processed as re- 
commended in D-19 or D-19b developer. 


Speed and exposure: This plate, for spectrographic purposes, has about the 
same speed as Schumann plates for wave-lengths down to about 210 mu. 
However, no actual figures can be given as these vary with the conditions 
under which the material is used. Exposures should be determined by 
trial, under the particular conditions concerned. 
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Development: Any process developer may be used, but the following 
Kodak developers are recommended: 












MODE TIME AT 









PURPOSE OF USE AGITATION 20°C (68°F) 
Spectrography Undiluted | Dish | Continuous 3 min 
Photomicrography and Undiluted | Dish | Continuous | 4-6 min 


electron-micrography 


* Available as a ‘Kodak’ Packed Developer Powder For formulae see Data Sheet FY-2. 
Alternatively the concentrated liquid ‘Kodak’ DX-80 Developer (diluted | -+4) may be used. Times 
should be about four-fifths those in D-19 or D-I9b. 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 0B (amber-yellow). 


Time-temperature curves 
75 
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Time of Development (minutes) 


24 













Temperature (°F) 
Temperature (°C) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 24°C 
(75°F) without special precautions (see Data Booklet GN-5). 


Stop bath: When development is complete, the plate should be removed 
from the developer and immersed for about 10 seconds at 18°-24°C 
(65°-75°F) in a stop bath made up from ‘Kodak’ Liquid Stop Bath with 
Indicator. Alternatively, the plate may be rinsed in a stop bath made 
up according to Kodak formula SB-1a (see Data Sheet FY-4). 


Fixing, washing, and drying: The negative or positive should be fixed 
at a temperature of 18°-24°C (65°-75°F) in one of the following ‘Kodak’ 
fixers—Kodafix’ Solution, AM-33 Rapid Liquid Fixer, with or without 
AM-33H Hardening Additive, ‘Unifix’ Powder, or ‘Metafix’ Powder— 
for twice the time taken to clear. Alternatively, a solution made up 
according to Kodak formula F-5 or F-24 can be used for the same time 
(for formulae see Data Sheet FY-4). 

Five minutes’ washing in running water at 18°-24°C (65°-75°F) is 
sufficient for most purposes. When permanence is a factor to be con- 


sidered, the negatives or positives should be washed in running water in 
an efficient washing vessel for at least 10 minutes. 
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The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, at 
the dilution recommended. The negative or positive should then be 
dried in a dust-free atmosphere. 


Varnishing: The emulsion of this plate is not as robust as that of most 
ordinary plates. It is recommended, therefore, that completed plates be 
varnished before they are subjected to a considerable amount of handling, 
although this is not essential if care is exercised. Most negative varnishes 
can be used, but they will affect the optical characteristics of the negative 
or positive. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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‘KODAK? B.20 PROCESS PLATE 





General properties and uses: This is a high-contrast plate of greater 
working speed than either the B.4 or the B.10 plate. It is recommended 
for the making, in the camera, of screen or line negatives or positives and 
for the making of screen or line positives by contact. It is especially 
suitable, in photo-lithography, for the production of screen negatives or 
positives which are to be dot-etched by the ‘Peridak’ or similar processes. 

Its scientific uses include detrital work in petrology and similar photo- 
micrographic applications, and spectrographic work over the range 
220-460 mu. 

This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization : Sensitive to ultra-violet and to blue light only :— 





v6 38 40 42 48 46 48 50 $2 S4 S6 SB 60 62 64 66 68 
uy : Blue | Green | Red 


Sensitivity Curve to Tungsten Light (2848° K.) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 
Resolving power: 120 lines per millimetre when developed as recom- 
mended. This is a figure relating to the emulsion only; the practical 
figure obtained will depend largely upon other factors, such as the subject 
contrast and the optical system used. 
Speed and exposure: The speed is about 15 to 30 times that of wet-plate 
emulsions but no exposure figures can be given as these vary with the 
conditions under which the material is used. Exposures should be 
determined by a practical trial under the particular conditions concerned. 
Safelight recommended 

Indirect lighting: ‘Wratten’ Series 0B (lime-yellow). 

Direct lighting: ‘Wratten’ Series 1 (red). 
Development: Any process developer may be used but the following 
Kodak developers are recommended :— 





Time at 
pe tos aha Approx. 0 

Purpose Developer Dilution Agitation ‘Contrast aoc) 

Maximum contrast D.8* 2+ Continuous y4-25 2 min. 
dish development 

Very high contrast D.158+ +1 Continuous y3'5 3 min. 
dish development 

* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 


+ Alternatively ‘Kodaline’ Developer Powder should be used. 
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Sensitometric curve 40 


The data on which _ this 


curve is based are for the 3-0 
average product. Because 2 
. . . a 
this material is normally used § 
a 


only for high contrast work, 
time-gamma curves are not 
given and should be deter- 
mined, when required, under 
the actual working conditions. 1-0 
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Characteristic curve for 

‘Kodak’ B.20 Plate developed 

in D.8 developer (diluted 2+1) 0 1-0 2-0 3-0 40 
for 2 minutes at 68° F. Relative Log. Exposure 
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Time-temperature curve *s 
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The developing times at various temperatures corresponding to 3 minutes 
at 68° F. are shown. Corresponding curves for other development times 
at 68° F. can be drawn parallel to that shown. Best results are obtained 
between 65° F. and 70° F. and development should not be carried out 
above 75° F. without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener or ‘Kodak’ Acid 
Fixer Powder for twice the time taken to clear (in all, about 10 minutes 
in a fresh bath). Alternatively, a solution made up according to Kodak 
formula F.52 or F.54a may be used for the same time. 

The negatives should be washed in running water in an efficient washing 
vessel for 15 minutes. 

The risk of drying marks may be obviated, and drying assisted, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution in 
the proportion recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Kodaline, Peridak, and Photo-Flo are trade marks 
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B.40 ‘KODAK’ FINE-GRAIN REGULAR PLATE 


General properties and uses: The B.40 is a medium-speed fine-grain plate 
of moderate contrast. It is used chiefly for making photogravure or other 
copy negatives and for photographing apparatus, indicators and the dials 
of recording instruments. Its scientific uses include the recording of 
moving light spots from tungsten sources and the photomicrography of 
non-colour-differentiated specimens. 

The B.40 Plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to blue light only :— 





36 38 40 42 44 46 48 50 52 54 $6 S8 60 62 64 66 68 
uv. | Blue | Green | Red 
Sensitivity Curve to Tungsten Light (3200° K) 
The apparent rapid fall in sensitivity shown at the left hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the plate is used only for process and scientific 
work, in which the speed of the material depends on the conditions under 
which it is used, no figures can be given and exposures with any given 
apparatus must be found by trial. 


Safelight recommended 
Indirect lighting : ‘Wratten’ Series OB (lime-yellow). 
Direct lighting: ‘Wratten’ Series 1 (red). 


Development: Any negative developer may be used, but the following 
Kodak developers are recommended. Irrespective of whether a dish or a 
tank is used, the time should be taken in accordance with the agitation 
employed :— 

Time at 68°F (20°C) 


fetes We sce to produce gamma of: 
Purpose Developer Dilution Agitation 


approx. 0-8 | approx. |-0 | approx. 2:0 





Normal D.6la* +1 Continuous | 2 min 2% min 


High-contrast | D.19b* | Undiluted | Continuous — 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
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Sensitometric curves 




















8 10 12 
Development Time (min) 





= Density 


Relative Log. Exposure 0 10 2:0 3-0 4 


Characteristic curves for ‘Kodak’ B.40 Plate in D.61a developer 
(diluted 1 + 1) at 68° F. 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the 


actual working conditions. 
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The developing times at various temperatures corresponding to 2 and 5 
minutes at 68° F areshown. Corresponding curves for other development 
times at 68° F can be drawn parallel to those shown. Best results are 
obtained between 65° F and 70° F and development should not be carried 
out above 75° F without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener, or ‘Kodak’ Acid 
Fixer Powder, for twice the time taken to clear. Alternatively, a solution 
made up according to Kodak formula F.52 or F.54a may be used for the 
same time (for formulae see Data Sheet FY-4). 

Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negative or positive 
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should be washed in running water in an efficient washing vessel for at 
least 15 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
PHOTO-FLO 
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0.15 ‘KODAK’ ORTHO HALF-TONE PLATE 





General properties and uses: This plate has a high-contrast orthochro- 
matic emulsion of high resolving power, designed for the making of line 
or screen negatives in the camera. It yields a sharp half-tone dot, of 
extreme density, which can be considerably reduced in size by dot- 
etching, without loss of core density, and with complete freedom from 
stain. Itis suitable for use in both photo-engraving and photolithography, 
particularly when copying old, faded or yellowed originals, or when for 
any reason it is required to use a yellow filter. It is also very suitable for 
the production of screen positives from continuous-tone negatives. The 
surface of the emulsion responds readily to blocking-out and retouching 
media. 

This plate is supplied with a neutral anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet, blue and green. 


Speed and exposure: As this plate is used only for process work, in which 
the speed of the material depends on the conditions under which it is 
used, no figures can be given and exposures with any given apparatus 
must be found by trial. As an approximate guide, it has approximately 
twice the speed of B.4 plates when using tungsten lighting; it is a little 
faster under open-arc lighting. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as this depends on the apparatus used. 








Kodak ‘Wratten’ Filters 


Tungsten factor . 2. 2... 1, IZ 
Open-arc factor . 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 1A (medium red), or ‘Wratten’ Series 1 (red). 


Development: Any process developer may be used but the following 
Kodak developers are recommended :— 


















Approx. 





























Purpose Developer | Dilution Agitation Contrast 68°F (00°C) 
Maximum D-8* 2+1 Continuous 60 2 min 
contrast 
Very high D-158 [+1 Continuous y50 3 min 
contrast 


* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 
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Time-temperature curve 





Temperature (°F) 





2 3 405 10 15 20 30.40 
Time of Development (minutes) 


The developing times at various temperatures corresponding to 3 minutes 
at 68° F are shown. Corresponding curves for other development times 
at 68° F can be drawn parallel to that shown. Best results are obtained 
between 65° and 70°F and development should not be carried out 
above 75° F without special precautions (see Data Booklet GN-5). 


Fixing washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed in 
a solution of ‘Kodak’ Acid Fixing Salt with Hardener or ‘Kodak’ Acid 
Fixer Powder for twice the time taken to clear (in all, about 10 minutes in 
a fresh bath). Alternatively, a solution made up according to Kodak 
formula F-52 or F-54a may be used for the same time. 

Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negatives or positives 
should be washed in running water in an efficient washing vessel for at 
least 15 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The plate should then be dried in a dust- 
free atmosphere. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten and Photo-Flo are trade marks 
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‘KODALITH’ ORTHO PLATE 


General properties and uses: This is an extremely high-density, high- 
contrast, orthochromatic plate designed for the making of screen or line 
negatives or positives in photomechanical reproduction. It has a thin 
emulsion, a property which permits quick processing and drying. This 
is important when staging is to be carried out or when hand scribing is to 
be used. It is also very suitable for reversal and etch-bleach processing. 
It may be used either in a camera or by contact and is to be preferred to 
‘Kodalith’ Sheet Film where the holding of exact size and register are of 
great importance. The orthochromatic sensitizing ensures good-quality 
negatives even from poor or yellowed originals, an obvious improvement 
on wet-plate reproduction. Further, the quality of dot produced in 
screen work is of an exceedingly high order—again, greater than that 
obtainable with collodion wet plates. The half-tone dots are very well 
suited to reduction by dot-etching, frequently a requirement in indirect 
photolithographic work. 


It is emphasized that when using this material, the copy-board glass, 
the original, and the material itself should be quite free of dust. 


When handled under the conditions specified in Graphic Arts Leaflet 
GA/16 (available on application), this plate is capable of giving excellent 
results from originals having particularly fine lines. 


The ‘Kodalith’ Ortho Plate is supplied with an anti-halation backing 
which clears during processing. 


Sensitization: Sensitive to ultra-violet, blue and green :— 


385 38 40 42 44 46 48 50 52 S4 56 58 60 62 64 66 68 
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Sensitivity Curve to Tungsten Light (3200°R) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the plate is used only for process work, in which 
the speed of the material depends on the conditions under which it is used, 
no figures can be given and exposure with any given apparatus must be 
found by trial. As an approximate guide, it has a similar speed to wet- 
plate emulsions when using enclosed arcs, and twice the speed when using 
open arcs. It has approximately one-fifth to one-tenth the speed of B.4 
plates when using open arcs. 
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Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as this depends on the apparatus used. 









Kodak ‘Wratten’ Filters 


Tungsten factor . 
Open-arc factor 


Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 1A 
(medium red). 


Development: A developer of special type, ‘Kodalith’ Developer Powder, 
must be used to obtain the extreme density and contrast of which this 
plate is capable. Alternatively, a developer made up according to Kodak 
formula D-85 may be used, but the contrast and dot quality will not be as 
high as that obtained when ‘Kodalith’ developer is used. When devel- 
oped as recommended, in either ‘Kodalith’ or D-85 developer, the first 
appearance of the image is relatively slow (30-40 seconds), after which the 
image remains of low contrast until about 70 per cent of the development 
time has elapsed, when density builds up rapidly. A dense black image 
will be formed, leaving the clear parts of the negative or positive free from 
veil and fog. 

Another developer, ‘Kodalith’ Super-Line Developer Powder, is recom- 
mended particularly for the bulk production of line work. 

Development should be undertaken, preferably, with a solution tem- 
perature of 68°F (20°C); in any case it should be used between 65° and 
70°F (18° and 21°C). If the development time is extended much 
beyond that recommended, the contrast will suffer. 


It is recommended that development, particularly of half-tone negatives 
or positives, be undertaken by inspection. This can be accomplished 
either by the use of a transparent dish, with a safelight beneath, or by the 
light of a safelight suspended or held close to the dish. However, a safe- 
light in either of these positions should not be turned on and brought into 
use until development has proceeded for approximately 2 minutes. 

The times given in the table below are the recommended times of 
development :— 


Purpose Developer Dilution Agitation ee" 5"C) 


Maximum ‘Kodalith’ i pace Continuous 2% min 


contrast + I part B 


Alternative D-85* Undiluted Continuous 2 min 


Rendering of ‘Kodalith’ | part A : 
fine lines Fine-Line fT | + 1 part B Controlled 2g min 


Line work Sépeeuina? ry ee Continuous 2; min 





* For formula see Data Sheet FY-2. Freshly made D-85 should be allowed to stand, before use, for at 
least 2 hours. 


+ For full details see instructions given with these developers. 


PL-10 2 


These times may be varied within the range 2-2} minutes for ‘Kodalith’ 
developer, or 13-2} minutes for D-85 developer. 


At the recommended temperature, half an inch of either ‘Kodalith’ or 
D.85 developer in a dish will last for 3-4 hours, while developer one inch 
deep will last for 7-8 hours. These figures are approximate and in any 
case are dependent on the amount of work passed through. 


40 
Sensitometric curve 
The data on which this curve 
is based are for the average 
product. Because this mat- 30 
erial is used normally for very 
high - contrast work, time- 
gamma curves are not given. 
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Characteristic curve for ‘Koda- 
lth? Ortho Plate developed 
in ‘Kodalith’ developer for 2\ 
minutes at 68°F. 


Density 


° 


10 20 3-0 40 
Relative Log. Exposure 


Rinsing: The plate should be rinsed in a stop bath made up according to 
Kodak formula SB.1a (for formula see Data Sheet FY-4). 


Fixing, washing and drying: After rinsing, the plate should be fixed in a 
solution of ‘Kodak’ Acid Fixing Salt with Hardener, or ‘Kodak’ Acid 
Fixer Powder, for twice the time taken to clear; the plate fixes sufficiently 
for most purposes in 1 or 2 minutes. Alternatively, a solution made up 
according to Kodak formula F-52 or F-54a may be used for the same time 
(for formulae see Data Sheet FY-4). 


Ten minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negative or positive 
should be washed in running water in an efficient washing vessel for at 
least 20 minutes. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, in 
the dilution recommended. 


Reduction and dot-etching: Reduction or clearing of line negatives and 
dot-etching of half-tone negatives is best undertaken in a solution made 
up according to Kodak formula R-14 (for formula see Data Sheet FY-5). 


Intensification: This is not usually necessary, but if required may be 
carried out by the use of a solution made up according to Kodak formula 
IN-1, IN-4 or IN-5 (for formulae see Data Sheet FY-5). 
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The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Kodalith, Wratten and Photo-Flo are trade marks 
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0,250 ‘KODAK’ RAPID ORTHO 
METALLOGRAPHICG PLATE 


General properties and uses: 0.250 is a dual-purpose plate designed 
both for general and photomicrographic work. It possesses a medium- 
speed orthochromatic emulsion of variable contrast and high resolving 
power. Its highest sensitivity is in the region of maximum visual 
sensitivity, where most microscopes yield sharpest focus, and comparatively 
little speed is therefore lost when working with a green or yellow filter. 
It is recommended for biological sections, metallurgical and mineralogical 
work, macrography, and for all purposes where neither red sensitivity 
nor high speed is necessary. 


This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet, blue, and green :— 


a | a 
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Light (3200°R) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S. ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by daylight; the 
figures in brackets apply for tungsten-light exposures (see Data Sheets 
RF-1 and SE-1). 









B.S. ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


20 (8) 24° (20°) 14 (10) 


Filters: Exposure factors given overleaf show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets on 
specific filters and in the book “‘Kodak Wratten Filters”’. 
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Kodak ‘Wratten’ Filters 
Daylight factor 
Tungsten factor 

Open-arc factor 


20 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 2 (dark red). 


Development for general work when using an exposure time of the 
order of 1/25th second: Any negative developer may be used, but the 
following Kodak developers are recommended. Irrespective of whether 
a dish or a tank is used, the time should be taken in accordance with the 
agitation employed :— 


Time at 68°F (20°C) 
to produce gamma of: 









Purpose Developer Dilution Agitation 
approx. approx. 
1-0 0:8 
Normal D-6la* I+ Continuous 5 min 44 min 
143 Intermittentt | 74 min 6 min 
Fine=prai TEx : Continuous 14 min 7 min 
oe peae. | pasiluced Intermittentt | 18 min 9 min 
* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 


+ Thorough agitation for 5 seconds at one-minute intervals. 


Sensitometric curves 
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Characteristic curves for ‘Kodak’ 0.250 Plate in D-61a developer (diluted 
1+1) at 68°F (20°C), for exposure times of the order of 1/25th second 


o 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 
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Development for photomicrographic work when using an exposure time 
of the order of 60 seconds: Irrespective of whether a dish or a tank is 
used, the time should be taken in accordance with the agitation employed :- 





Time at 68°F (20°C) 
to produce gamma of: 





Developer | Dilution Agitation 
approx. | approx. | approx. | approx. 
i) 1-2 1-0 0-8 
D-6laxt Continuous 43 min 3 min | 23 min = min 
U Intermittentt _ 7 min | 43 min | 3 min 
D-76* Continuous _ 10 min 74 min 54 min 
Intermittentt _ 12min | 9 min | 7 min 
* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 


+ Thorough agitation for 5 seconds at one-minute intervals. 


Sensitometric curves 
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Relative Log. Exposure 0 1-0 20 30 40 
Characteristic curve for ‘Kodak’ O.250 Plate in D-61a developer (diluted 
1+1) at 68°F (20 'C), for exposure times of the order of 60 seconds 
The data on which these curves are based are for the average product. 


Time-temperature curves 
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Time of Development (minutes) 
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The developing times at various temperatures corresponding to 2}, 5, and 
7 minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 75°F (18° and 24°C), and 
development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following ‘Kodak’ fixers 
are recommended—Acid Fixing Salt with Hardener, Acid Fixer Powder, 
AM-33 Rapid Liquid Fixer, with or without AM-33H Hardening Addi- 
tive, ‘Kodafix’ Solution, or a solution made up according to Kodak 
formula F-5 or F-24 (see Data Sheet FY-4). The preferred practice is 
the use of two successive fixing baths. The plate should be cleared of all 
milkiness in the first bath and drained back for 5 seconds. It should then 
be given, in the fresh second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. If a single fixing bath is used, 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both baths 
should be discarded. 

For rapid processing, or when a low degree of permanence is accept- 
able, the plate can be cleared in the fixer and washed briefly; fixing 
and washing should be completed later if a permanent record is required. 

For normal requirements, the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Kodafix, and Photo-Flo are trade marks 
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0,800 ‘KODAK’ SUPER-SPEED ORTHO PLATE 


General properties and uses: 0.800 is the fastest orthochromatic plate of 
the ‘Kodak’ range but has remarkably fine grain for its speed. Itis used, 
when full colour sensitivity is not required, for high-speed general photo- 
graphy, press work, and the photography of interiors by daylight. Its 
technical applications include general stellar astronomy, spectrography 
and clinical photography. 

This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet, blue and green :— 


oe 
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The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 
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Volume 4 
0.800 ‘KODAK’ SUPER-SPEED ORTHO PLATE 
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B.S./ASA (arith.) B.S. (log) DIN (log) 26° 


: 32 
Daylight | Tungsten | Daylight Tungsten | Daylight | Tungsten 
yer, the 
125 G5: B25 25 Seine 
he lens 


aperture siould be Opefied by about one stop. Within two hours of 
sunrise or sunset the aperture should be opened by one or more stops 
further than the setting for the season. When using ‘Microdol’ developer 
the aperture should be opened by about half a stop. 










































Brilli Brigh A Shaded 

oa Exposure Subject Subjert Subject Subject 
Bright sun . 1'100th sec at f 22 filé fill f/8 

Hazy sun : 1, 100th sec at f, 16 fill {8 f/S°6 
Cloudy-bright . | | 100th sec at fill f'8 f/5°6 f/4 
Cloudy-dull. 1;50th sec at fjtl 8 f/5°6 fi4 
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Hazy sun is sufficient to cast a slight shadow of well-defined objects, 
such as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the beach; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room 
or studio with light walls, the exposure will be approximately :-— 


Distance of Lamps from Subject (ft) 34 10 


1/l0th second at. . . . . | fill | #79 | f8 | fO3/] F561 F451 f/4 | £135 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
fjnumber. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULB 


SHUTTER Class M $ Class FP 
SPEED 


Open flash and 1, 30th sec 


1;100th and 1/125th sec 





Example—Shutter speed of |/25th second using a PF.60 flashbulb =200=50 ft x f/4, or f/16 >< 123 ft. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization at shutter-speeds of | 25th second or shorter. May 
also be used with X-synchronization or F-synchronization at shutter speeds of |'30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of I/I5th second or longer. 


Class FP—flashbulbs having a long duration over half peak; made for use with focal-plane shutters. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as this depends on the composition of the lighting. 
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Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book ‘‘Wratten Light Filters’’. 


Kodak ‘Wratten’ Filters 8 (K2) 9 (K3) 11 (XI) 15 (G) 


Daylight factor . . cd 3 4 4 5 
Tungsten factor. . . . . . 2 2. 3 2 





Safelight recommended: Indirect lighting: ‘Wratten’ Series 2 (dark red). 


Development: This material should not be developed in DK.20 developer, 
nor in any other developer containing thiocyanate or thiosulphate; their 
use is likely to cause dichroic fog. Otherwise any negative developer 
may be used, but the following Kodak developers are recommended. 
In the table below the first-mentioned developer is the main recommenda- 
tion. Irrespective of whether a dish or a tank is used, the time should be 
taken in accordance with the agitation employed :— 
Time at 68° F (20° C) 


to pr 2 
Purpose Developer Dilution Agitation ‘0 produce gamma of. 


approx. |-0| approx.0-8 | approx. 0-65 


I+ Continuous 7 min | 33 min 
moon 143 | Intermittentt | 18 min | 9° min 
‘ : , Continuous _ 13) min 

Pinererain Undiluted { Intermittentt 16 min 
Continuous I} min 


Extra- | wy. te . 
Microdal Undiluted Intermittent} !4 min 


fine-grain 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
+ Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 
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Development Time (min) 





Density 


3} 


Relative Log. Exposure 0 1-0 2:0 30 4 


Characteristic curves for ‘Kodak’ O.800 plate in D.61a developer 
(diluted 14-1) at 68°F 
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The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 





Temperature (°F) 


10 1S = 30 40 
oe oy Development (minutes) 


The developing times at various temperatures corresponding to 7 and 
10 minutes at 68°F are shown. Corresponding curves for other develop- 
ment times at 68°F can be drawn parallel to those shown. Best results 
are obtained between 65° and 70°F and development should not be carried 
out above 75°F without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and 
fixed at a temperature of 65°—70°F (18°—21°C), in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing 
solution made up according to Kodak formula F.54a. The preferred 
practice is to use two successive fixing baths. The plate should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. If a single fixing bath is 
used the fixing time will be twice that needed for clearing. Any fixing 
bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°—70°F (16°—21°C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When a low degree of permanence is acceptable, e.g., when the negative 
is required immediately, but is not to be kept, the times may be reduced; 
under these circumstances only a brief rinse may be adequate. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Microdo!, Kodaflector, Kodalite, and Photo-Flo are trade marks 
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P.25 ‘KODAK’ HALF-TONE 
PANCHROMATIC PLATE 


General Properties and uses: P.25 is a slow, thin-film, panchromatic plate 
of very fine grain, high contrast, and capable of giving extremely high dot 
density. It is recommended for making direct screen and line colour- 
separation negatives, and, suitably filtered, for the photographic reproduc- 
tion of blue-prints. Other applications where a panchromatic plate of 
high resolving power and contrast is required include astronomical work 
(e.g., photography of the moon’s disk), and the photomicrography of 
coloured or stained biological, medical and metallurgical specimens. 


This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





36 38 40 42 44 46 48 SO S52 54 SH $8 60 62 64 46 68 
uv. | Blue | Green | Red 


Sensitivity Curve to Tungsten Light (3200° K.) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the plate is used mainly for process and scientific 
work by artificial light, no speed figure can be given and the exposure under 
any given conditions must be determined by trial. The speed of the plate 
is approximately the same, for monochrome originals, as that of the 
B.20 ‘Kodak’ Process Plate. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as this depends on the apparatus used. Further 
details of these and other filters can be found in the Data Sheets on specific 
filters and in the book “‘Wratten Light Filters’’. 







Kodak ‘Wratten’ Filters} 8 (K2) 





Tungsten factor + 


| 
Open-arc factor | 3 
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Safelight recommended 
Indirect lighting: ‘Wratten’ Series 3 (green) or Series 5 (light 
green). 
Direct lighting: ‘Wratten’ Series 3 (green). 


Development: Any process developer may be used but the following 
Kodak developers are recommended :— 

















oe ae M eo Sal é Ti t 
Purpose Developer | Dilution of ode. Agitation (abhor: 65°F. (20°C.) 
Maximum Continuous 
contrast 
Very high Continuous 


contrast 


* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2 
+ Alternatively the packed ‘Kodaline’ Developer Powder should be used. 


Sensitometric curve 49 | 


The data on which this | 
curve is based are for the 
average product. Because 3-0 
this material is normally used 
only for high contrast work, 
time-gamma curves are not 
given and should be deter- 
mined, when required, under 20 
the actual working conditions. 


Density 


Characteristic curve for ‘Kodak’ 

P.25 Plate developed in D.8 

developer (diluted 2+1) for 2 | 
min. at 68° F. 


0 1-0 2:0 3-0 40 


Relative Log. Exposure 


Time-temperature curve 
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Time of Development (minutes) 


The developing times at various temperatures corresponding to 3 minutes 
at 68°F. are shown. Corresponding curves for other development 
times at 68° F. can be drawn parallel to that shown. Best results are 
obtained between 65° F. and 70° F. and development should not be 
carried out above 75° F. without special precautions (see Data Booklet 
GN-5). 
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Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener, or ‘Kodak’ Acid 
Fixer Powder, for twice the time taken to clear; the plate fixes sufficiently 
for most purposes in 1 or 2 minutes. Alternatively, a solution made up 
according to Kodak formula F.52 or F.54a may be used for the same time. 

Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered the negatives or positives 
should be washed in running water in an efficient washing vessel for at 
least 10 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODALINE 

PHOTO-FLO 


KODAK LIMITED LONDON 


TP6743WP63656 


P.200 ‘KODAK’ HALF-TONE RAPID 
PANCHROMATIC PLATE 





General properties and uses: P.200 is a fine-grain panchromatic plate, of 
very high contrast, which should be used whenever a fairly high emulsion 
speed is required. In photo-engraving it is recommended particularly for 
the making of screen negatives from reflection copy and masked colour 
transparencies, and in photolithography when excellent dot-etching 
characteristics are essential; in these cases, D-8 developer is recommended. 

It is also suitable for scientific work requiring fairly high resolving 
power with reasonable speed. This includes photometry, and the photo- 
micrography of blood smears and stained sections of coloured rock, mineral 
and metallurgical sections, and of specimens under polarised light (inter- 
ference figures, etc.). 

The P.200 Plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Log Sensitivity 





Wave-length (my) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs/cm*) required to produce a specific 
density, above gross fog, when the material is processed as recommended 
in D-8 developer. 


Speed and exposure: The speed of this plate is approximately 2-3 times 
that of P.25 plates to both open-arc and tungsten light, but no actual 
speed figures can be given as the effective speed depends on the conditions 
of use. Exposures should be determined by trial, under the particular 
conditions concerned. 

The following is an example of a typical exposure for screen work under 
average conditions with a good-quality original. However, it should be 
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used only as a guide for trial exposures; the actual exposure may vary 
considerably according to the working conditions and the quality of the 
original. For a same-size reproduction of a line original, with two 
35-ampere arc lamps 4 feet from the centre of the copy, each at an angle 
of 45° to the camera-subject axis, an exposure of 20 seconds at f/32, with a 
‘Wratten’ Filter No. 25 over the lens, would be approximately correct. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters”. 





No. No. 
REA! No. 8|No. 9} 11 1s No. | No. | No. | No. | No. 


FILTERS (K2) | (K3) | (x1) | (a) | 25 | 29 | 47B | 58 | 6! 
Tungsten factor | I! 2 4 3 4 10 90 I 12 
Open-arc factor | 2 | 3 6 4 8 28 14 BF 





The filter ratios given below show the exposure necessary by comparison 
with the Kodak ‘Wratten’ Filter No.25, which is taken as unity. These 
approximate ratios may be more helpful than the filter factors given above, 
as the plate is used to a great extent for the making of colour-separation 
negatives. 





KODAK No. | No. 
‘WRATTEN’ | No- 8/No.9) |] 15 No. | No. | No. | No. | No 
FILTERS (K2) | (K3) | (x1) | (G) | 25 | 29 | 47B ] 58 | él 
Tungsten ratio 3 t I 3 ! 4 | 224 23 3 
Open-arc ratio + 3 3 + I 33 13 | 3 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Any process developer may be used but the following 
Kodak developers are recommended :— 





! 
PURPOSE DEVEL- DILU- MODE AGITATION TIME AT 
OPER TION OF USE 20° C (68°F) 
Maximum ‘ . : 
contrast D-8* 2+1 Dish Continuous 2 min 
Very high fc D-I1* Undiluted Dish Continuous 44 min 
conchae (vi (DGIOt 147 Dish Continuous 4 min 
PA 
* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2 
t A‘Kodak’ Liquid Developer. or Graphic Arts Leaflet GA-14. 
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Sensitometric curve 40 


The data on which this 
curve is based are for the 
average product. Because the 30 
material is normally used only 

for high-contrast work, time- 
gamma curves are not given 

and should be determined, 
when required, under the 20 
actual working conditions. 


Characteristic curve for ‘Kodak’ 3 
P.200 Plate developed in D-8 & 
developer (diluted 2+1) for 2 0 1-0 2-0 3-0 40 


minutes at 20°C (68°F) 


Relative Log. Exposure 


oe curve 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 24°C 
(75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying : The plate should be rinsed in a solution of 
Kodak Liquid Stop Bath with Indicator, a solution made up according to 
Kodak formula SB-la (see Data Sheet FY-4 or Graphic Arts Leaflet 
GA-14), or in running water, and fixed at a temperature of 18°-25°C 
(65°-77°F). The following ‘Kodak’ fixers are recommended—‘Kodafix’ 
Solution, AM-33 Rapid Liquid Fixer, with or without AM-33H 
Hardening Additive, ‘Unifix’ Powder, Acid Fixer Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4 
or Graphic Arts Leaflet GA-14). The preferred practice is the use of 
two successive fixing baths. The plate should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be 
given, in the fresh second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. If a single fixing bath is used, 
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the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear the plate in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 

For rapid processing, or when a low degree of permanence is accept- 
able, the plate can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal commercial requirements, the negative should be washed in 
running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes, with 
occasional agitation, in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo-Clearing Agent should 
be used. Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negative should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristics of the plate given in this publication are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Kodafix, Wratten, Photo-Flo, and Unifix are trade marks 
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‘KODAK’ P.300 RAPID PANCHROMATIC PLATE 


General properties and uses: P.300 is an all-purpose fine-grain plate of 
moderately high contrast intended for general daylight and artificial-light 
photography, colour-separation negative making, the photography of 
factory interiors and plant, coloured goods, woodwork, etc., and for close- 
up shots of machinery. 


Its scientific uses include the recording of flame discharges and coloured 
arcs, the photomicrography of coloured or stained biological, medical, 
mineralogical, metallurgical and palaeontological specimens and superficial 
clinical photography. 

This plate is available unbacked or with an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 








Jo 38 40 42 44 46 48 S50 $2 54 56 SB 60 62 64 66 68 36 38 40 42 44 46 48 50 52 S4 56 58 60 62 ¢4 66 63 
UY. | Blue | Green i Red UY. ‘ Blue ! Green | Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (2848° K.) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Resolving power: 65 lines per millimetre when developed as recommended. 
This is a figure relating to the emulsion only; the actual figure obtained 
will depend largely upon other factors, such as the subject contrast and 
the optical system used. 


Exposure indices: These figures are suitable for use with exposure meters 
and calculators based on the British Standards Institution and the American 
Standards Association system (see Data Sheets RF-1 and SE-1). 


Exposure Indices Daylight Tungsten 


Logarithmic . j Ss 25° 24° 
Arithmetical. . 2. 2. 2... ee ee eee 25 20 





Daylight exposures: When processed in D.76 or D.61a developer, the 
following exposures are approximately correct during summer in temper- 
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ate latitudes (and in the tropics all the year round). In winter the lens 
aperture should be opened by about one stop. Within two hours of 
sunrise or sunset, the aperture should be opened by one or more stops 
further than the setting for the season. When using ‘Microdol’ developer 
the aperture should be opened by about half a stop. 





Weather 


Brilliant Bright Average Shaded 


Condition Exposure Subject Subject Subject Subject 
Bright sun . . | 1/S50th sec. at filé fill f'8 f/5°6 
Hazy sun . . .| 1/50th sec. at fill f8 f 5-6 f/4 
Cloudy-bright .,; [/50thsec. at! f8 f 5-6 f4 f/2°8 
Cloudy-dull . . | | 25th sec. at f'8 f 5°6 f4 f 2-8 


Hazy sun is sufficient to cast a slight shadow of well-defined objects, such 
as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects : Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 


main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room 
or studio with light walls, the exposure will be approximately :— 


Distance of Lamps from Subject (ft.) | 3 3, 4; 5 6 7 8 10 








(/l0th secondat. . . . . | f9 f/'8 | £63) 6/56] f/45] f/4 | f/3-5 | £/2°8 


Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 
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FLASHBULBS 








SHUTTER Class F Class M oie Class FP 
SPEEDS - 
No. | Nor 3 No. 22 
No. 3] ‘pry | PF.14 as PF.38 | “pr'ég | PF.100 | PF.24 | PF.45 
Open flash, 
1/25th and | 
| 50th sec. . . 42 | 42 | 60 80 100 155 185 | 75 | 125 
1 100th sec... . 34 | 34 | 48 62 80 120 _ 56 | 100 





Example—Shutter speed of 1/25th second using a PF.60 flashbulb==155- 14 ft.» f/I1, or f/16~ 10 fe. 


Class F—flashbulbs taking a time of 8-12 milliseconds to reach peak, and suitable for use with simple 
synchronized cameras or with between-lens shutters having F-synchronization. May also be used 
with X-synchronization at shutter speeds of !/25th second or longer. 


Class M—flashbulbs taking a time of 20-25 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization. May also be used with F-synchronization or X- 
synchronization at shutter speeds of |/25th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization or F-synchronization at shutter speeds of |/25th second or longer, 
and with X-synchronization at shutter speeds of |/10th second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted but they can be only an approximate guide to the actual 
increase in exposure as this depends on the composition of the lighting. 
Further details of these and other filters can be found in the book 
“Wratten Light Filters”. 


‘Wratten’ filters 8 (K2) 9 (K3) Hl (XI) 15 (G) 


Daylight factor 
Tungsten factor . 





Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 3 
(green). 


Development: Any negative developer may be used, but the following 
Kodak developers are recommended. In the table below the first-men- 
tioned developer is the main recommendation. Irrespective of whether a 
dish or a tank is used, the time should be taken in accordance with the 
agitation employed :— 
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Time at 68° F. (20° C.) 
to produce gamma of: 


Purpose Developer Dilution Agitation 
approx 1:0 | approx. 0-8 
R “| Continuous 8L min. 5 min 
Normal D.76* Undiluted < ; 2am : 
{| Intermittentt | 11 min. 64 min. 
; cs euee 143 Continuous 3$ min. 24 min 
AlKeehae ve Pe I+ Continuous | 22 min. If min 
Extra-fine- KRae ‘ (| Continuous — 6 min 
: Microdol’ * Undiluted ; 
grain Intermittentt _ 8 min 
* Available as ‘Kodak’ packed developer powders. For formulae see Data Sheet FY-2 


+ Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 
16 









































8 10 2 14 
Development Time (min) 





Density 


Relative Log. Exposure 0 1-0 2-0 30 4 


Characteristic curves for ‘Kodak’ P.300 Plate in 
D.76 developer (undiluted) at 68° F. 


The data on which these curves are based are for the average products. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


Temperature (°F) 





2 3 a i N 30 40 
rie > Development (minutes) 
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The developing times at various temperatures corresponding to 5 and 8 
minutes at 68° F. are shown. Corresponding curves for other develop- 
ment times at 68° F. can be drawn parallel to those shown. Best results 
are obtained between 65° F. and 70° F. and development should not be 
carried out above 75° F., without special precautions (see Data Booklet 
GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed 
at a temperature of 65°~70° F. (18°-21° C.) in a solution of ‘Kodak’ Acid 
Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing solution 
made up according to Kodak formula F.54a. The preferred practice is 
to use two successive fixing baths. The plate should be cleared of all 
milkiness in the first bath and drained back for 5 seconds. It should 
then be given in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. If a single fixing bath is 
used the fixing time will be twice that needed for clearing. Any fixing 
bath should be discarded when it fails to clear in 10 minutes; then, when 
using the two-bath method, the first bath should be replaced with the 
second bath and a fresh second bath made up. 


For normal requirements the negative should be washed in running 
water for 20 minutes at 60°-70° F. (16°-21° C.) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 com- 
plete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When a low degree of permanence is acceptable, e.g., when the negative 
is required immediately, but is not to be kept, the times may be reduced; 
under these circumstances only a brief rinse may be adequate. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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Product names quoted thus 


‘KODAK’ 


are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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P.1200 ‘KODAK’ SUPER PANCHRO-PRESS PLATE 


General properties and uses: P.1200 is an extremely fast panchromatic 
plate designed for artificial-light work, such as portraiture and the photo- 
graphy of interiors, or where there is liable to be movement in the picture. 
It is recommended for press and technical record photography, for making 
colour-separation negatives, and for scientific applications where speed is 
more important than high resolution. These include the recording of 
spectra of meteors, the photography and photomicrography of living 
biological specimens, the recording of flame discharges and coloured arcs, 
clinical photography and the recording of traces on silicate, sulphide and 
phosphate cathode-ray screens. 


This plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





36 98 40 42 44 4 48 50 52 54 56 SB 60 62 Of 66 OB 36 38 40 42 44 46 48 SO $2 S456 $8 OO 62 Od GO 
uv. | Blue | Green | Red uv. | Blue | Green | Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200° K) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 





Daylight exposures: When processed in D.6la or D.76 developer, the 
following exposures are approximately correct during summer in temperate 
latitudes (and in the tropics all the year round). In winter the lens 
aperture should be opened by about one stop. Within two hours of sun- 
rise or sunset the aperture should be opened by one or more stops further 
than the setting for the season. When using ‘Microdol’ developer the 
aperture should be opened by about half a stop. 
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Weather Brilliant Bright Average Shaded 
Condition Exposure Subject Subject Subject Subject 





Bright sun . . 1/100th sec at f/45 f/32 f/22 fil6 


Hazy sun. . 1/100th sec at f/32 f/22 f/l6 fill 
Cloudy-bright . 1/100th sec at f/22 fIN6 fit f/8 
Cloudy-dull —. 1/50th sec at f/22 fi 16 fill f/8 





Hazy sun is sufficient to cast a slight shadow of well-defined objects, such 
as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes ; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects : Near objects at sea or on the coast ; landscapes with 
foreground objects. 


Average subjects : Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects : Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room 
or studio with light walls, the exposure will be approximately :— 


45 8 9 10 


1/S0th secondat. . . . . | fill | f19 | f18 | fl63| FIS-6 | Fl4S| fA | F135 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
jf/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULB 


SHUTTER Class M Class | Class FP 
SPEED 


PF.60 | PF.100 | PF.24 | PF.45 


Openflashand 1/30th sec | 125 


1/100th and 1/125th sec . 100 | 136 
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Example—Shutter speed of |1/25th second using a PF.60 flashbu!b=450=20 fe x f/22,0r f/9 x 50 ft. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization at shutter speeds of 1/25th second or shorter. May 
also be used with X-synchronization or F-synchronization at shutter speeds of |/30th second or 
longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak,and suitable for use with between-lens 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X- 
synchronization or F-synchronization at shutter speeds of |/I5th second or !onger. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as this depends on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets on 
specific filters and in the book “‘Wratten Light Filters”’. 


Kodak ‘Wratten’ Filters " 5 No. It | No. 15 | No. 25 | No. 47B] No. 58 


Daylight factor 
Tungsten factor 





Safelight recommended: Indirect lighting: ‘Wratten’ Series 3 (dark green). 


Development: This material should not be developed in DK.20 developer, 
nor in any other developer containing thiocyanate or thiosulphate; their 
use is likely to cause dichroic fog. Otherwise any negative developer may 
be used, but the following Kodak developers are recommended. In the 
table below the first-mentioned developer is the main recommendation. 
Irrespective of whether a dish or a tank is used, the time should be taken 
in accordance with the agitation employed. 


Time at 68°F (20°C) 


Purpose Developer Dilution Agitation to produce gamma of : 


approx.1-0 |approx.0-8] approx. 0:65 


Normal D.6la* { 1+1 Continuous 7 min | 34 min _ 


143 Intermittentt) 14 min | 8 min _ 


Continuous It min 8 min 
Intermittentt 13 min | 10 min 


Fine-grain | D.76* Undiluted { 


Continuous 11 min 9 min 


Extra- Kae , F 
Microdol’* |Undiluted | intermittentt 14min | 11 min 


fine-grain 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2 
+ Thorough but brief agitation at one-minute intervals. 


When processing must be completed in the shortest possible time, 
this plate may be processed in solutions made up from ‘Kodak’ 
Quick-Finish Chemicals. The use of these chemicals allows the pro- 
duction of a negative within two minutes, and the rapidly produced 
negatives may be printed or enlarged while still wet. The following 
table shows the recommended development time and approximate clearing 
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time for fresh solutions of these chemicals when used at 70° F (21° C), 
and with maximum agitation, in a dish. 


Development Time 
(developer diluted 1+ 1) 


Clearing Time (approx.) Total Processing Time 





40 seconds 60 seconds 100 seconds 





‘Kodak’ Quick-Finish Developer Powder and Quick Finish Fixer are available as ‘Kodak’ packed chemicals. 


Sensitometric curves 


14 16 
Development Time (min) 





Relative Log. Exposure 0 1-0 2:0 30 4 


Characteristic curves for ‘Kodak’ P.1200 Plate in D.61a developer (1+1) at 68° F 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the 
actual working conditions. 


Time-temperature curves 


Temperature (°F) 





2 3 4 5 10 15 20 30 40 
Time of Development (minutes) 


The developing times at various temperatures corresponding to 7 and 9 
minutes at 68° F are shown. Corresponding curves for other develop- 
ment times at 68° F can be drawn parallel to those shown. Best results 
are obtained between 65° and 70°F and development should not be 
carried out above 75° F without special precautions (see Data Booklet 
GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-70° F (18°-21°C), in a solution of ‘Kodak’ 
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Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing 
solution made up according to Kodak formula F.54a. The preferred 
practice is to use two successive fixing baths, The plate should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. If a single fixing bath is 
used the fixing time will be twice that needed for clearing. Any fixing 
bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-70° F (16°-21° C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When a low degree of permanence is acceptable, e.g., when the negative 
is required immediately, but is not to be kept, the times may be reduced; 
under these circumstances only a brief rinse may be adequate. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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Product names quoted thus. - 
‘KODAK?’ 


—are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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P.1600 KODAK ‘PANCHRO-ROYAL’ PLATE 





General properties and uses: P.1600 is an extremely fast panchromatic 
plate manufactured specifically for use on occasions when very rapid 
processing characteristics, as well as great speed, are required. It has a 
moderate contrast, fine grain, and high resolving power, but may satisfac- 
torily be subjected to forced development when even greater speed or 
higher contrast is desired. Its colour sensitivity is evenly balanced 
throughout the spectrum and is free from any undue response to red. 


This plate is especially recommended for press photography and for 
commercial, industrial or scientific work, either by daylight or artificial 
light, under difficult exposure conditions. It is particularly suitable for 
action photography of all types or when a very short exposure must be 
used. Other uses for which the great speed of this plate renders it most 
suitable are clinical photography, photography of living biological speci- 
mens, and recording work with instruments using a fast-moving light spot. 

This plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 



































i 
36 «38 40 42 44 46 48 SO 52 S4 S6 SB 60 62 64 66 68 36 38 40 42 44 46 48 50 S2 S4 $6 SB 60 62 64 66 68 


UN, Buc Gree Red us Blue Green , Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200°R) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), 
or DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 


B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 





400 37° | 27 





Daylight exposures: The following exposures are approximately 
correct during spring, summer, and autumn in temperate latitudes, and in 
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the tropics all the year round. In winter, the lens aperture should be 
opened by about one stop. Within two hours of sunrise or sunset, the 
aperture should be opened by one or more stops further than the setting 
for the season. 





DAYLIGHT EXPOSURES AT 1/400th or 1/500th second 


Subject Bright or : Heavy Overcast 

Type * Hazy Sun + Cloudy-bright or ; Open Shade 
Brilliant . . f/32 f/16 fill 
Bright . . . f/22 f/ll f/8 
Average. . . f/16 f/8 f/5°6 
Shaded . . . f/ll f/5°6 f/4 





* Hazy sun is sufficient to cast a slight shadow of well-defined objects, such as posts, tree trunks, etc. 
while cloudy-bright is not. 


t+ With side or back lighting, } stop more exposure should be given. With back-lit close-up subjects 
containing important shadow detail, the exposure increase may amount to | stop, depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Brilliant subjects : Coastal, marine, and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


NOTE: For subjects on light dry sand or snow, | stop less exposure 
should be given; for high-altitude snow scenes, 1} stops less. Use 
figures in table for snow scenes in winter in temperate latitudes. 


Tungsten-light exposures: The table opposite suggests approximate 
exposures for average subjects in a room or studio with a light ceiling, and 
light walls and furnishings. They are based on the use of two lamps, 
each being at the same distance from the subject and within 45° of the 
camera-subject axis. These recommendations give minimum exposure; 
for subjects of dark tone, the exposures may safely be doubled, and 
exposures will also vary to some extent according to the amount of light 
reflected from the ceiling, walls, and furnishings. This table, therefore, 
should be used as a basis for practical experiments. 
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TUNGSTEN-LIGHT EXPOSURES AT 1/50th or 1/60th second* 
Distance of lamps from subject (feet) at 


fas | £156 | £163 | £18 |_f19 | fl" 





Lighting 


Two No. | Photofloods in ‘Kodaflector’ 


reflectors . . . GaP al) GE 54 5 3 
Two No. 2 Pietttenie in ‘Kodalite’ 
reflectors or two 275-watt reflector 
Photofloods . . . ...... .| 10 8 7 4 
Two 500-watt reflector Photofloods . .| 14 II 10 6 
Two 500-watt (3200°K) flosdlampe in 
‘Kodalite’ reflectors . . 9 7 64 34 





* The recommendations in this table give minimum exposure; for subjects of dark tone, the exposures 
may safely be doubled. 


Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
jf/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 








FLASHBULB 
SHUTTER Class M a Class FP 
SPEED ——— 

No. | No. 5 

PF.L | AG.I | PF.S | No. 22) pr. 100) PF.24 | PF.45 

Type | Type 5| PF.60 
Open flash and ue to ae 
second. . 250 | 320 | 400 | 720 900 — _— 
1/50th or 1/60th second . . | 220* | 280* | 360* | 650* | — 250 | 360 
1/100th or 1/125th second . . | 200* | 250* | 320* | 560* | — 180 | 250 
1/200th or 1/250th second . . | 160* | 200* | 250* | 450* | — 125 180 





* With M-synchronization. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used with 
X-synchronization or F-synchronization at shutter speeds of 1/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with 
X-synchronization or F-synchronization at shutter speeds of 1/I5th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 


Filters: Exposure factors given overleaf show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
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increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters”. 








‘ +o: No. 8 No.9 | No. Il | No. 15 
Kodak ‘Wratten’ Filters (K2) (K3) (X!) (G) No. 25 
Daylight factor . : 2 25 5 23 8 
Tungsten factor . 5 Iz 2 4 2 4 





Safelighting: Total darkness is recommended for complete freedom 
from safelight fog. However, if indirect safelighting is customarily used 
for general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but 
the following Kodak developers are recommended. When using 
‘Microdol-X’ Developer, the exposure given should be 4 stop more than 
normal. Irrespective of whether a dish or tank is used the time should be 
taken in accordance with the agitation employed. 





Time at 68°F (20°C) 
to produce gamma of: 


Purpose Developer Dilution Agitation 
approx. | approx. | approx. 
1-0 0:8 0-65 
I+ Continuous 5S min] 4 min —_ 
Normal D-6la* 
143 Intermittentt | 10 min] 8 min — 
Continuous _— 9 min | 64 min 
Fine-grain D-76* Undiluted 
| Intermittentt+ _ 12 min | 8 min 
Continuous _— 13 min |10 min 
ee ‘Microdol-X’ * |Undiluted 
8 Intermittentt — 16 min |12 min 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 


t Thorough agitation for 5 seconds at one-minute intervals. 
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When processing must be completed in the shortest possible time the 
following procedure is recommended: develop in a 1+1 solution of 
‘Kodak’ Quick-Finish Developer Powder for 25 seconds at 70°F (21°C) with 
continuous and vigorous agitation ; rinse in an acid stop bath for10 seconds; 
and fix in a solution of ‘Kodak’ AM-33 Rapid Liquid Fixer (diluted 1+ 1), 
with AM-33H Hardening Additive, which should be added according 
to the instruction sheet. 


Sensitometric curves 
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Development Time (min) 





Relative Log. Exposure 0 10 20 3-0 4 
Characteristic curves for ‘Kodak’ P.1600 Plate in D-61a developer (1+1) 

at 68°F (20°C). 
The data on which these curves are based are for the average product. 


For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 
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Time of Development (minutes) 
The developing times at various temperatures corresponding to 5 and 8 
minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 75°F (18° and 24°C), and 
development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 
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Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following ‘Kodak’ fixers 
are recommended—Acid Fixing Salt with Hardener, Acid Fixer Powder, 
AM-33 Rapid Liquid Fixer, with or without AM-33H Hardening Addi- 
tive, ‘Kodafix’ Solution, or a solution made up according to Kodak 
formula F-5 or F-24 (see Data Sheet FY-4). The preferred practice is 
the use of two successive fixing baths. The plate should be cleared of all 
milkiness in the first bath and drained back for 5 seconds. It should then 
be given, in the fresh second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. Ifa single fixing bath is used, 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both 
baths should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the plate can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements, the negative should be washed in running 
water for 20 minutes at 60°-75°F (16°-24°C) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 4 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When the 
reduction of washing time, or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor 
deviations may be found in individual cases owing to various causes. 


Kodak, and product names quoted thus—‘Wratten’—are trade marks 
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‘KODAK’ P.2000 PRESS SPECIAL PLATE 





General properties and uses: P.2000 is the fastest plate in the Kodak 
range; even under normal conditions of development it is 24 times the 
speed of P.1200 plates, while under forced conditions of development an 
even greater effective emulsion speed will be obtained, excellent quality 
and clean-processing characteristics being maintained. The panchro- 
matic sensitivity of this plate is well balanced, and is suitable equally for 
daylight, tungsten, flashbulb and electronic flashtube exposures. 


This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Exposure index numbers: These figures are suitable for use with exposure 
meters and calculators based on the British Standards Institution or the 
American Standards Association system (see Data Sheets RF-1 and SE-1). 
Under conditions requiring the maximum speed of this plate, exposures 
may be given which are only one quarter of those indicated by the use of 
the figures below, if followed by development for maximum speed as 
specified overleaf. 


Exposure Index Numbers Daylight Tungsten 


Logarithmic . . . 3 ae yeh ROR A 38° 37° 
Arithmetical . . 2 2 1. ww eee 500 400 





Daylight exposures: When processed in Press Contrast Developer (1-+3) 
or D.6la developer (1+-3), the following exposures are approximately 
correct during summer in temperate latitudes (and in the tropics all the 
year round). In winter the lens aperture should be opened about one stop. 
Within two hours of sunrise or sunset the aperture should be opened by 
one or more stops further than the setting for the season. 











































rill Brigh A Shaded 

Condition Exposure Subject | Subfect Subject | Subject 
Bright sun . 1/200th sec. f/32 f/22 file fill 
Hazysun . . 1/200th sec. at f/22 f/16 fill f/8 

Cloudy-bright 1/200th sec. at F/16 fill f/8 f/5°6 

Cloudy-dull 1/100th sec. F/16 fill f/8 f/5°6 
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Hazy sun is sufficient to cast a slight shadow of well-defined objects, 
such as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes: distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects : Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room 
or studio with light walls, the exposure will be approximately :— 


Distance of Lamps from Subject (ft.) 


1/50th second at. . . . . | f/l8| flO] F/LN| £/8 | £63 | f/5+6| f/4°5 | 13-5 





Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as this depends on the composition of the lighting. 
Further details of these and other filters can be found in the book “Wratten 
Light Filters’’. 


‘Wratten’ Filters 8 (K2) 


Daylight factor . . ? 2 
Tungsten factor. . . . | 





Safelight recommended: None: because of its extreme sensitivity this 
plate should be handled and processed in total darkness. 


Development with normal exposures: Correctly exposed plates should be 
developed in a dish in ‘Kodak’ Press Contrast Developer, diluted 1 part 
to 3 parts of water, for 3-4 minutes at 68°F. (20°C.), giving continuous 
agitation. When longer times are desired, a greater dilution of Press 
Contrast Developer may be used; alternatively, 12-15 minutes’ develop- 
ment at 68°F. (20°C.) may be given using D.61a developer, diluted 1 part 
to 3 parts of water, with intermittent agitation in a tank. 
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Development for maximum speed: Plates which have been given less than 
normal exposure should be developed in a dish in ‘Kodak’ Press Contrast 
Developer, diluted 1 part to 1 part of water, for 4-6 minutes at 68°F. 
(20°C.), using continuous agitation. 


Fixing, washing and drying: The plate should be thoroughly rinsed in 
running water, and fixed in a solution of ‘Kodak’ Acid Fixing Salt with 
Hardener, or ‘Kodak’ Acid Fixer Powder, for twice the time taken to 
clear. If a shorter fixing time is required, either ‘Kodak’ Quick-Finish 
Fixer or a solution made up according to Kodak formula F.54a should be 
used. The negative should be washed in running water in an efficient 
washing vessel for 30 minutes. The risk of drying marks may be obviated 
by rinsing for 2 minutes, before drying, in a solution of ‘Kodak’ Wetting 
Agent in the proportion of 1 drop to 1 ounce of water. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative : minor deviations 
may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 
KODAK 
KODAFLECTOR 
KODALITE 
WRATTEN 


KODAK LIMITED LONDON 


TP6090WPI955 


P.900 ‘KODAK’ COLOUR-SEPARATION PLATE 





General properties and uses: P.900 is a fast, fine-grain panchromatic 
plate having an evenly balanced colour sensitivity and an extremely long 
exposure scale. It is made expressly for colour-separation work, either 
negative or positive, in photomechanical applications where a continuous- 
tone material is required, and in colour-print processes. It is highly 
suitable for the making of continuous-tone colour-separation sets from 
colour transparencies. A further use is the making of colour-correcting 
masks. 

The plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :-— 





36 38 40 42 44 46 48 50 52 54 S56 58 60 62 64 66 68 
UV | Blue | Green | Red 


Sensitivity Curve to Tungsten Light (3200°K) 


The apparent rapid fall in sensitivity shown at the left-hand end of this 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Exposure: The speed is approximately two-thirds that of the P. 1200 
plate, but no actual speed or exposure figures are given as these vary 
according to the conditions under which the material is used. Exposures 
should be determined by trial, under the specific conditions concerned. 


Filters: The filter ratios given below show the increased exposure 
necessary by comparison with the Kodak ‘Wratten’ Filter No. 25 (red) or 
No. 29 (deep red), which are taken as unity. These ratios are considerably 
more helpful than filter factors, as the plate is never used unfiltered. It 
is necessary only to determine the exposure required, under any particular 
set of conditions, for the appropriate red filter, and then to multiply this 
figure by the ratios for the other filters to obtain an approximation of the 
exposure which they will require. Correct figures for the batch are given 
on each box of plates for some of these filters, but average figures are 
shown in the table below. 




















Deep Deep Deep 

Kodak ‘Wratten’ Filters a red blue ae green 

: No. 29 | No. 47B $ No. 61 
Open-arc ratio | - 0-7 1-2 = 
Tungsten ratio - I 2:0 - i) 
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As an example: under open-arc lighting, an exposure of 14 minutes 
found to be correct for the No. 25 filter, indicates for the No. 47B filter 
an exposure of 14 minutes x 0°7 = 1 minute 3 seconds. 

The filters recommended for any particular colour-separation set will 
vary according to the method used :— 





KODAK ‘WRATTEN’ FILTERS FOR PHOTOMECHANICAL PROCESSES 


Separations from reflection copy . . . Nos. 25, 47B, 58 


Separations from ‘Ektachrome’ or 
‘Kodachrome’ originals: 
(a) Two-mask method—separations . Nos. 29, 47B, 58 * 
masks . . . . Nos. 33 (medium magenta), 58 * 


(b) Single-mask method with addi- 
tional masking at later stage— 


separations Nos. 29, 47B, 58 * 
mask... No. 33 


(c) Single-mask method with no 
additional masking— 
separations. Nos. 29, 47B, 61 
mask . . . No. 33 





* In these cases it is recommended that the No. 15 (very deep yellow) be used in combination with 
the No. 58 if it is required to decrease the tendency to over-saturation of reds and magentas in the 
warm yellows. 





KODAK ‘WRATTEN’ FILTERS FOR THE DYE TRANSFER PROCESS 


Separations direct from subject . . . . Nos. 25, 47B, 58 


Separations from ‘Ektachrome’ or ‘Koda- 
chrome’ originals by two-mask method: 
separations . . Nos. 29, 47B, 6! 
masks .... Nos. 29, 61 


Separations from ‘Kodachrome’ originals 
by single-mask method: 
separations . . Nos. 29, 47B, 61 
mask . . . . No. 29 or 33f 





t No. 29 is most suitable for subjects which depend on the rendering of blues and violets; these colours 
are unduly darkened by the No. 33. 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


N 
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Development: Any negative developer may be used, but ‘Kodak’ DK-50 
or D-6la developer is recommended particularly for colour-separation 
negatives, ‘Kodak’ D-11 or DG-10 developer when the contrast needs to 
be increased owing to a flat original, and ‘Kodak’ Soft-Gradation Develo- 
per or D-165 for colour-correcting masks. 

Irrespective of whether a dish or a tank is used, the times given in the 
tables should be taken in accordance with the agitation employed. 





DEVELOPMENT FOR PHOTOMECHANICAL PROCESSES 


Approx- 
imate Kodak 


Purpose Developer} Dilution Agitation gamma ‘Wratten’ 
Filter 
(y) 
SEPARATION 
NEGATIVES 


if Continuous 
From reflection copy | DK-50* | Undiluted 
\ Intermittentt 


D-I1* Undiluted Continuous 


DG-104 1+10 Continuous 


From masked colour Continuous 


transparencies by _tQe ? 
contact (tungsten DK-50* | Undiluted 


light) 


Intermittentt 


Continuous 
From masked col- 


our transparencies | pHx_sox | Undiluted 
by projection | 


(tungsten light) Intermittentt 





COLOUR- Soft if Continuous 
CORRECTING Grada- (ag: * 
MASKS tion* Intermittentt 
or D-165 
* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 


+ Thorough agitation for 5 seconds at one-minute intervals. 
t Available as a ‘Kodak’ Liquid Developer. 
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DEVELOPMENT FOR THE DYE TRANSFER PROCESS 

















ope setts A imat Ti t 
Purpose Developer| Dilution Agitation Z ae ah 68-F (20°C) 
SEPARATION 
NEGATIVES 
From reflection Continuous 1-0 45 min 
copy Debian ty tera { Intermittentt 1-0 st min 
From original sub- Continuous 1-0 45 min 
jects Deolas |e { Intermittentt 1-0 st min 
From masked col- 
our transparencies a Continuous 0-7 2$ min 
by contact (tung- ee { Intermittentt| 0-7 3 min 
sten light) 
From masked col- 
our transparencies Continuous 0-9 4; min 
by projection Delay hers { Intermittentt 0-9 5° min 
(tungsten light) 
COLOUR- Soft- 
CORRECTING Grada- 145 Continuous 0-3 2-3 min 
MASKS using No. tion* Intermittentt 0-3 4-4 min 
29, 33, or 61 filter | or D-165 
* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2 


+ Thorough agitation for 5 seconds at one-minute intervals. 


Sensitometric curves: The data on which these curves are based are for 
the average product. For accurate work, curves should be determined 
under the actual working conditions. 


4-0 

30 
Characteristic curves for 

2-0 % P.900 plate developed 

€ in DK-50 developer (un- 

diluted) 

1-0 

é 

0 1-0 2-0 30 40 


Relative Log. Exposure 
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40 


3-0 


Characteristic curves for 
P.900 plate developed 
in D61a developer (1 --3) 


yy 
S 





0 1-0 2-0 3-0 40 
Relative Log. Exposure 


Time-temperature curves 


Temperature (°F) 





sae > Development (minutes) 


The developing times at various temperatures corresponding to 3 and 
5 minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 70°F (18° and 21°C), and 
development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following are recommended 
—‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, 
‘Kodak’ AM-33 Rapid Liquid Fixer, with or without AM-33H Hardening 
Additive, ‘Kodafix’ Solution, or a solution made up according to Kodak 
formula F-5 or F-24 (see Data Sheet FY-4). The preferred practice is 
the use of two successive fixing baths. The plate should be cleared of all 
milkiness in the first bath and drained back for 5 seconds. It should 
then be given, in the fresh second fixing bath, the same time as was 
required in the first, and drained back for 5 seconds. If a single fixing 
bath is used, the fixing time will be twice that needed for clearing. Any 
fixing bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 
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For rapid processing, or when a low degree of permanence is acceptable, 
the plate can be cleared in the fixer and washed briefly; fixing and wash- 
ing should be completed later if a permanent record is required. 


For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 6 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should, be used. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, in 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Wratten, Ektachrome, Kodachrome, Kodafix, and Photo-Flo are trade marks 
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TP PL-26/aWP 10362 


‘KODAK’ LANTERN PLATES 





General properties and uses 


L.10 ‘Kodak’ Bromide Lantern Plate—Hard. This plate gives a rich 
black image and may be used for contact printing, or for enlarging or 
reducing by projection. 


L.15 ‘Kodak’ Bromide Lantern Plate—Normal. This plate similarly 
gives a rich black image and may also be used for contact printing, or 
for enlarging or reducing by projection. It is also a very suitable plate 
for many types of spectrographic work in the region 220 to 480 mu. 


Exposure: The exposure for any given circumstances should be found 
by trial. As an approximate guide, for contact printing from average 
negatives, an exposure of 1 second at 4 feet from a 25-watt pearl bulb 
will be found suitable for either plate; thin negatives may require 
less exposure, and dense negatives rather more. 


Safelight filter recommended: Indirect or direct lighting with either of 
these plates: ‘Wratten’ Series OB (lime-yellow). 


Processing: It is recommended that development be undertaken in one of 
the following developers. The times given in the table below are for 
continuous agitation in a dish. 


DEVELOP- 
ee PURPOSE DEVELOPER | DILUTION | MENT TIME 
20°C (68°F) 

L.10 Neutral tone D-163*+tt 3 Bese 4-2 min 

Neutral tone D-163*+t} pales: 14-2 min 

* 3 parts water 2 
Soft | part + 
LIS Neutral tone—softer Gradation* 3 oar water 4-3 min 


contrast or D-165t} 


D-19b*t Undiluted 3 min 


Spectrographic work f 
k 


DX-80+ 144 24 min 





* Available as ‘Kodak’ Packed Developer Powders. 
+ For formulae see Data Sheet FY-2. 
t Available as a ‘Kodak’ Liquid Developer. 


Either plate should be rinsed in a solution of ‘Kodak’ Liquid Stop Bath 
with Indicator, or in running water, and fixed at a temperature of 18°-25°C 
(64°-77°F). The following ‘Kodak’ fixers are recommended—‘Unifix’ 
Powder, Acid Fixer Powder, AM-33 Rapid Liquid Fixer, with or without 
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AM-33H Hardening Additive, ‘Kodafix’ Solution, or a solution made 
up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 
The preferred practice is the use of two successive fixing baths. The 
plate should be cleared of all milkiness in the first bath and drained 
back for 5 seconds. It should then be given, in the fresh second fixing 
bath, the same time as was required in the first, and drained back for 5 
seconds. If a single fixing bath is used, the fixing time will be twice 
that needed for clearing. Any fixing bath should be discarded when it 
fails to clear in 10 minutes; then, when using the two-bath method, the 
first bath should be replaced with the second bath and a fresh second 
bath made up. After 5 such changes, both baths should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the plate can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements, the positive or negative should be washed 
in running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes in each 
of 6 complete changes of water. At lower temperatures, or with less 
efficient washing equipment, the times may have to be increased consid- 
erably. When the reduction of washing time or the saving of water is 
important, ‘Kodak’ Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The positive or negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


Sizes available: L.10 and L.15—3} x 4, 3} x 3}, 23 x 23, and 2 x 2 inches. 
For spectrographic work, L.15 Lantern Plates are also available in size 
4x 10 inches. 


Kodak, Wratten, Unifix, Kodafix, and Photo-Flo are trade marks 
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M-R ‘KODAK’ MAXIMUM-RESOLUTION PLATE 


ONE OF THE ‘KODAK’ SCIENTIFIC PLATES 





General properties and uses: This plate has an almost grainless emulsion 
of the Lippmann type and a very thin emulsion layer. Although handled 
and processed in the same manner as an ordinary photographic plate, it 
possesses remarkably high resolving power which, for practical purposes, 
is limited mainly by the optical apparatus used; under laboratory testing 
conditions, the resolving power is known to exceed 1500 lines per 
millimetre. Intensification is unnecessary, straightforward processing in 
the recommended developer yielding a high gamma and maximum density. 
It is recommended for all very high resolution photography*, including 
the production of linear and radial gratings and optical scales and grati- 
cules, and for microradiography (see Data Sheet IN-12). Some idea of 
the resolution obtainable is given by the illustration below :— 

i ia ning 


Mim 
7 go! if! My, 


















Mina 
Photomicrograph of a 1-mm-wide Photomicrograph of a 1-mm-wide positive 
positive image on a process plate image on a Maximum-Resolution Plate 


Sensitization: Sensitive to ultra-violet, blue, and green :— 


36 38 40 42 44 46 48 SO 52 S4 56 S8 60 62 64 66 68 
uv. | Blue | Green | Red 


Sensitivity Curve to Tungsten Light (3200°R) 


The apparent rapid fall in sensitivity shown at the left-hand end of this 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Resolving power: With microscope objectives covering a field of diameter 
less than one-quarter of one millimetre, a resolution figure greater than 
1500 lines per millimetre can be obtained when the M-R plate is developed 
as recommended in D-178 developer. To achieve useful field sizes, it is 
generally necessary to employ objectives of much lower resolution, when 
the resolution obtained will approximate closely to the visual limit of the 
objective. 

* G W. W. Stevens, Microphotography, Chapman and Hall, 1957. 
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Disappointment with results obtained can usually be attributed to loss 
of resolution resulting from such causes as vibration, insufficiently sensi- 
tive focusing, poor registration of dark slides, inadequate optical equip- 
ment, or incorrect exposure. 


Exposure: The plate has about 1 300th the working speed to tungsten of 
a B.4 plate. Owing to its extremely fine-grain emulsion, this plate is 
necessarily slow, but when used for making photographic graticules the 
speed compares very favourably with other materials which have con- 
siderably coarser grain. The exact exposure required under particular 
conditions must be found by experiment. 
Filters: The plate may be exposed to unfiltered tungsten light, but when 
the highest definition is required a yellow filter such as the ‘Wratten’ 
No. 8 (K2) or the ‘Kodak’ Flexible Filter $58/2 (yellow) should be used. 
The use of these filters lessens the spread of the image within the 
emulsion by absorbing the shorter wave-lengths of the exposing source. 
Safelight filter recommended 

Indirect lighting: ‘Wratten’ Series 0B (lime-yellow). 

Direct lighting: ‘Wratten’ Series 1 (red). 
Note: Extreme cleanliness should be observed in the processing of this 
plate; the filtration of all solutions before use is recommended. 


Development for general high-contrast work: The plate should be 
developed for 3 to 4 minutes at 20°C (68°F) in a solution made up accord- 
ing to Kodak formula D-178 (for formula see Data Sheet FY-2), diluted 
2 parts to 1 part of water. This produces a gamma of over 5-0. 


Development for microradiography: The plate should be developed for 
up to 4 minutes at 20°C (68°F) in a solution made up according to Kodak 
formula D-158 (for formula see Data Sheet FY-2), diluted with an equal 
part of water. Alternatively, ‘Kodak’ Universal Developer diluted 1+4 
may be used, at the same temperature, for the same time. The optimum 
time will depend upon many factors but should be kept as short as 
possible, consistent with the obtaining of sufficient contrast to resolve 
the relevant details. 


Sensitometric curve 40 


The data on which this curve 

is based are for the average 
product. Because the mat- 

erial is normally used only 30 
at high contrast, time-gamma 

curves are not given. 


Characteristic curve for M-R 
‘Kodak’ Plate developed for 
4 minutes in D-178 developer 
(diluted 2+1) at 20°C (68°F) 0 1-0 2-0 3-0 40 


Relative Log. Exposure 
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Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or a solution made up according 
to Kodak formula SB-la (a 5 per cent solution, by volume, of glacial 
acetic acid). It should then be fixed at a temperature of 18°-25°C (64°- 
77°F). The following ‘Kodak’ fixers are recommended—‘Unifix’ Powder, 
Acid Fixer Powder, AM-33 Rapid Liquid Fixer, with or without AM-33H 
Hardening Additive, ‘Kodafix’ Solution, or a solution made up according 
to Kodak formula F-5 or F-24 (see Data Sheet FY-4). The preferred 
practice is the use of two successive fixing baths. The plate should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time as 
was required in the first, and drained back for 5 seconds. If a single 
fixing bath is used, the fixing time will be twice that needed for clearing. 
Any fixing bath should be discarded when it fails to clear in 10 minutes; 
then, when using the two-bath method, the first bath shouid be replaced 
with the second bath and a fresh second bath made up. After 5 such 
changes, both baths should be discarded. 

For normal requirements, the negative should be washed in running 
water for 20 minutes at 15°-25°C (59°-77°F) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 4 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended; the surface of the plate should also be 
carefully wiped with a viscose sponge, or other soft material, to remove 
surface moisture and any deposit from the washing water. If the slight 
yellow dye stain remaining in the emulsion is found objectionable, it can 
easily be removed, after washing, by bathing the plate in methylated spirit 
(industrial or surgical) diluted 1 part to 2 parts of water. The negative 
should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
PHOTO-FLO 
UNIFIX 
WRATTEN 


KODAK LIMITED LONDON 


TP PL-29WP9/363 


M.R. ‘KODAK’ MAXIMUM-RESOLUTION PLATE 


ONE OF THE ‘KODAK’ SCIENTIFIC PLATES 


General properties and uses: This plate has an almost grainless emulsion 
of the Lippmann type and a very thin emulsion layer. Although handled 
and processed in the same manner as an ordinary photographic plate it 
possesses remarkably high resolving power which, for practical purposes, is 
limited mainly by the optical apparatus used ; with suitable equipment a 
resolving power of 1000 lines per mm is obtainable.* Intensification is 
unnecessary, straightforward processing in the recommended developer 
yielding a high gamma and maximum density. It is recommended for 
very high resolution photography, for the production of graticules, and for 
X-ray micrography (see Data Sheet IN-12). It is not practical to coat 
this emulsion on small circular blanks and small graticules must, therefore, 
be cut from the processed negative or positive. Some idea of the resolu- 
tion’obtainable is given by the illustration below :— 
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Enlargement from a 1mm wide nega- Enlargement from a 1mm wide nega- 
tive on a process plate tive on a Maximum-Resolution Plate 


Sensitization: Sensitive to ultra-violet, blue and green :— 


36 38 40 42 44 46 48 SO S2 S4 S6 SB 60 62 64 Ob 68 


uv. | Bue | Green | Red 
Sensitivity Curve to Tungsten Light (3200° K) 
The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 
Resolving power: At least 1000 lines per millimetre when developed as 
recommended in D.178. This is a figure relating to the emulsion only ; 
the actual figure obtained will depend largely upon other factors, such as the 
subject contrast, the optical system used and the camera or printing 
apparatus employed. 
Exposure: The plate has about 1/20th the working speed to tungsten of a 
chloride lantern plate. Owing to the extremely fine-grain emulsion used 
the plate is necessarily slow, but when used for making photographic 
* See J. Sci. Inst., 18, April 1941, pp. 66-67. 
Kodak Data Sheet 
PL-29 


graticules, the speed compares very favourably with other materials which 
have considerably coarser grain. The exact exposure required under 
particular conditions must be found by experiment. 


Filters: The plate may be exposed unfiltered to tungsten light, but 
when the highest definition is required a yellow filter such as the ‘Wratten’ 
No. 8 (K2) or the ‘Kodak’ Flexible Screen S.58/2 (yellow) should be used. 


Safelight recommended 


Indirect lighting : ‘Wratten’ Series OB (lime yellow). 
Direct lighting: ‘Wratten’ Series 1 (red). 


Development: The two main uses of this plate are covered by the follow- 
ing recommendations :— 


For general high-contrast work the plate should be developed for 3 to 4 
minutes at 68° F (20° C) in a solution made up according to Kodak formula 
D.178, diluted 2 parts to 1 part of water. This produces a gamma of 
over 5°0. 


For X-ray micrography the plate should be developed for up to 4 
minutes at 68° F (20° C)in a solution made up according to Kodak 
formula D.158, diluted with an equal part of water. The optimum time 
will depend upon many factors but should be kept as low as possible, con- 
sistent with the obtaining of sufficient contrast to resolve the relevant details. 


Note: Extreme cleanliness should be observed in the processing of this 
plate ; the filtration of all solutions before use is recommended. 


Sensitometric curve 40 


The data on which this curve 
is based are for the average 
product. Because the mat- 
erial is normally used only 30 
at high contrast, time-gamma 
curves are not given. 


Density 


20 


Characteristic curve for M.R. 
‘Kodak’ Plate developed for 
4 min in D.178 developer 
(diluted 2+ 1) at 68° F. 0 1-0 2-0 3-0 40 


Relative Log. Exposure 
Time-temperature curve 





Temperature (°F.) 





15 20 3 


Time of Development (minutes) 
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The developing times at various temperatures corresponding to 4 minutes 
at 68° F are shown. Corresponding curves for other development times 
at 68° F can be drawn parallel to that shown. Best results are obtained 
between 65° F and 70° F and development should not be carried out 
above 75° F without special precautions (see Data Booklet GN-5). 


Stop bath: After development the plates must be immersed for 30 seconds 
in a solution made up according to Kodak formula SB.1a (a 5 per cent. 
solution, by volume, of glacial acetic acid). 


Fixing, washing and drying: The plate should be rinsed in running water 
and fixed in a solution of ‘Kodak’ Acid Fixing Salt with Hardener, or 
‘Kodak’ Acid Fixer Powder, for twice the time taken to clear (in all, 
about 5 minutes in a fresh bath). Alternatively, a solution made up 
according to Kodak formula F.54a may be used for the same time when 
an acid hardening-fixing bath is required. The negative or positive should 
be washed in running water in an efficient washing vessel for 20 minutes. 

The risk of drying marks may be obviated by rinsing the negatives for 
approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in the dilution 
recommended, and the plate should also be carefully wiped with a viscose 
sponge, or other soft material, to remove surface moisture and any deposit 
from the wash water. 


If the slight yellow dye stain remaining in the emulsion is found 
objectionable, it can easily be removed, after washing, by bathing the plate 
in methylated spirit (industrial or surgical) diluted 1 part to 2 parts of 
water. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


3 PL-29 


Kodak Data Sheet 
PL-29 


The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
PHOTO-FLO 


KODAK LIMITED LONDON 


TP7OSOWP21 156 


IR.ER. ‘KODAK’ INFRA-RED EXTRA-RAPID PLATE 





General properties and uses: The IR.ER. is the fastest of the ‘Kodak’ 
infra-red plates, having considerably greater speed than any other existing 
infra-red plate in its particular wave-length range. It is slightly more 
grainy than the IR.30 ‘Kodak’ Half-Tone Infra-Red Plate and yields 
lower contrast. Its uses include aerial survey, haze penetration, anti- 
dazzle flashlight work* and spectrography (see also Data Sheet SC-7). 


Sensitization: Sensitive to ultra-violet and to the visible spectrum and has 
exceptionally high sensitivity in the infra-red from 670 to 880 mu :— 
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Sensitivity Curve to Tungsten Light (3200° K) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Focusing: As most lenses are not corrected for infra-red radiation, the 
infra-red focus does not coincide with the visual focus. To obtain 
optimum definition, the lens, after focusing, should be set forward by 
about 1/250th of its focal length. The actual displacement will depend 
on the lens used, and for critical work it must be determined by experiment 
with a range of exposures at different focus settings. 


Exposure indices: These figures are suitable for use with exposure meters 
and calculators based on the British Standards Institution or the American 
Standards Association system (see Data Sheets RF-1 and SE-1). These 
figures are correct for use with an unscreened meter and allow for exposure 
through a ‘Wratten’ filter No. 88A. 


Exposure Indices Daylight Tungsten 





Logarithmic . : A 19” 21° 
Arithmetical .. ae & oad ose 6 10 





Exposure: Using a ‘Wratten’ filter No. 88A, 1/50th second at //5°6 would 
be approximately the correct exposure in noon summer sunlight for a 
normal subject without heavy shadows or near dark masses. 


Filters: Exposure factors for the more commonly used ‘Wratten’ filters are 
given overleaf, the factors being referred to that of the ‘Wratten’ filter 
No. 88A (transmitting from 720 mw), which is taken as unity, as the plate 
* Reference: Brit. J. Phot., 14th June, 1940, pp. 288-289. 
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is never used unfiltered. The ‘Wratten’ filter No. 87 transmits from 
740 my. and is of use principally in scientific work and anti-dazzle flash 
photography. The ‘Wratten’ filters Nos. 70, 29 and 25, respectively, 
allow more of the visual-red sensitivity of the plate to be employed. 
Further details of these filters can be found in Data Sheets FT-8 and 
FT-9 and in the book “Wratten Light Filters”’. 





Kodak ‘Wratten’ Filters 88A 


Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 9 
(blue-green). 


Development: Any negative developer may be used but the following 
Kodak developer is recommended :— 


Purpose Developer Dilution Agitation Eres: correc) 


Continuous 

* 

BAIR | Tank | Intermittent 
High D.19b* Dish | Continuous 

contrast ; Tank | Intermittent} 


Normal 





* This is available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2 
+ Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 
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Characteristic curves for IR.ER. ‘Kodak’ Plate in D.19b developer 
(diluted 1 + 4) at 68° F. 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 
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The developing time at various temperatures corresponding to 4 minutes 
at 68° F are shown. Corresponding curves for other development times 
at 68° F can be drawn parallel to that shown. Best results are obtained 
between 65° F and 70° F and development should not be carried out above 
75° F without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-70° F (18°-21° C), in a solution of ‘Kodak’ Acid 
Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing solution 
made up according to Kodak formula F.54a. The preferred practice is to 
use two successive fixing baths. The plate should be cleared of all milki- 
ness in the first bath and drained back for 5 seconds. It should then be 
given in the fresh second fixing bath the same time as was required in the 
first, and drained back for 5 seconds. If a single fixing bath is used the 
fixing time will be twice that needed for clearing. Any fixing bath should 
be discarded when it fails to clear in 10 minutes; then, when using the 
two-bath method, the first bath should be replaced with the second bath 
and a fresh second bath made up. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-70° F (16°-21° C) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 6 complete changes 
of water. At lower temperatures, or with less efficient washing equip- 
ment, the times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the negative is required 
immediately, but is not to be kept, the times may be reduced; under these 
circumstances only a brief rinse may be adequate. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





PAPERS 





PP-| 
PP-2 
PP-3 
PP-6 
PP-7 


PP-8 
PP-BA 
PP-8B 


PP-8C 
PP-9 
PP-10 
PP-I10A 
PP-I1 
PP-12 
PP-13 


‘Kodak’ Photographic Papers 

‘Kodak’ Bromide Foil-Card 

‘Kodak’ Bromide High-Resolution Waterproof Paper 
‘Kodalith’ Translucent Paper, TP 
‘Kodalith’ Glossy Paper, GP 

‘Kodalith’ Lustre Paper, LP 

Kodak ‘Linagraph’ RP.30 and 480 Papers 
Kodak ‘Linagraph’ RP.12 Print-Out Paper 
Kodak ‘Linagraph’ Direct-Print Papers, 
Light-Weight and Ultra-Thin 

Kodak ‘Linagraph’ 553 Paper, Thin 
‘Kodak’ Bromide Papers 

Kodak ‘Bromesko’ Paper 

Kodak ‘Royal-Bromesko’ Paper 

Kodak ‘Velox’ Paper 

Kodak ‘Ektacolor’ Paper 

Kodak ‘Panalure’ Paper 
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KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





PAPERS 





PP-| 
PP-2 
PP-3 
PP-6 
PP-7 


PP-8 
PP-BA 
PP-8B 


PP-9 
PP-10 
PP-10A 
PP-II 
PP-12 
PP-13 


‘Kodak’ Photographic Papers 

‘Kodak’ Bromide Foil-Card 

‘Kodak’ Bromide High-Resolution Waterproof Paper 
‘Kodalith’ Translucent Paper, TP 

‘Kodalith’ Glossy Paper, GP 

‘Kodalith’ Lustre Paper, LP 

Kodak ‘Linagraph’ RP.30, RP.35, and 480 Papers 
Kodak ‘Linagraph’ RP.12 Print-Out Paper 
Kodak ‘Linagraph’ Direct-Print Papers, 
Light-Weight and Ultra-Thin 

‘Kodak’ Bromide Papers 

Kodak ‘Bromesko’ Paper 

Kodak ‘Royal-Bromesko’ Paper 

Kodak ‘Velox’ Paper 

Kodak ‘Ektacolor’ Paper 

Kodak ‘Panalure’ Paper 


TPDB-33/xWP8; /3-65 


PAPERS 


CONTENTS 

PP-| ‘Kodak’ Photographic Papers 

PP-2. ‘Kodak’ Bromide Foil-Card 

PP-3 ‘Kodak’ Bromide High-Resolution Waterproof 
Paper 

PP-6 ‘Kodalith’ Translucent Paper, TP 

PP-7  — ‘Kodalith’ Glossy Paper, GP 
‘Kodalith’ Lustre Paper, LP 

PP-9 ‘Kodak’ Bromide Papers 

PP-10 Kodak ‘Bromesko’ Paper 

PP-IOA Kodak ‘Royal-Bromesko’ Paper 

PP-I| | Kodak ‘Velox’ Paper 

PP-I2 Kodak ‘Ektacolor’ Papers 

PP-13 Kodak ‘Panalure’ Paper 
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Issue B 
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Issue C 
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Issue D 
Issue A 


The Diffusion-Transfer Process using Kodak ‘Instafax’ CT 


Materials 
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‘KODAK’ PHOTOGRAPHIC PAPERS 


BROADLY speaking, a photographic paper is coated with an “emulsion” 
which consists of light-sensitive silver salts suspended in gelatine. The 
chemical composition of the salts, their method of formation, and the 
addition of special agents together control the photographic qualities 
of speed and contrast, and also the physical properties of image colour 
and surface sheen. Some of these qualities, however, may also be affected 
by the processing and finishing procedure. 

Photographic papers may be considered to be of the following three 
general kinds, according to the nature of the silver salts in the emulsion. 


Chloride papers have emulsions containing mainly silver chloride 
as the sensitive salt. These papers, sometimes called ‘“‘gaslight’’ 
papers, are of low speed, intended for contact printing, and their 
image is usually characterised by a blue-black colour. ‘Velox’ 
is a paper of this kind. 

Bromide papers are coated with silver bromide emulsions which 
give the highest printing speeds, and a neutral-black image. They 
are specially suitable for enlarging. 


Chloro-bromide papers have, as the name implies, emulsions 
containing both silver chloride and silver bromide. The speeds 
of these papers vary over a wide range, depending largely on the 
proportions of these constituents. This kind of paper includes 
‘Bromesko’, which is suitable for enlarging or for contact printing. 


PRINT CONTRAST 


Unlike film and plate emulsions, which permit a wide control of 
contrast by variation of development, paper emulsions do not generally 
give a satisfactory image quality unless fully developed. This restriction 
upon the possible variation of development time fixes, within close limits, 
the contrast obtainable with any one grade of paper. Prints of correct 
gradation, from negatives of widely differing scales of density, can, there- 
fore, only be obtained by selecting a grade of paper having the appropriate 
characteristics. However, it is possible by the use of ‘Kodak’ Soft- 
Gradation Developer or D-165 to produce, with a given paper, a contrast 
which is approximately one grade lower than that obtained by normal 
development. 


The meaning of the term ‘‘contrast”’ 


The generally used term “contrast” concerns the range of exposures 
necessary to produce the widest range of image densities which the paper 
will give. The range of exposures which the paper will record is termed 
the “exposure scale” and the range of image densities is termed the 
“density scale”. These characteristics are constant, in any specific paper, 
as long as the specified development is carried out. 


Density scale is the range of reflection densities from clean, unexposed 
areas to the deepest black which the paper can produce. That portion 
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of the total density scale which is of practical use in print making is called 
the “useful density scale” and is the sense in which the term is used 
hereafter. 

Since the print is viewed by reflected light a certain amount of light 
is thrown back from the surface of the gelatine and the underlying particles 
of developed silver. The visual density of an image on paper is reduced 
by this effect, which is most noticeable over the darkest portions. The 
lowest possible density is practically that of the base, and will vary slightly 
with the tint. The density scale is, therefore, partly dependent on the tint 
and texture of the base, and the amount of sheen on the emulsion surface. 

Provided that direct glare from the surface is avoided, a grade of 
paper with a smooth base and a glossy emulsion will give the highest 
density, and a white base will give the lowest limit; the density scale 
of such a paper is about 1-8 or more. A grade with a rougher base, or 
emulsion of reduced sheen, shows a more uniform scattering of light from 
the surface. This decreases the depth of the darker tones, thus the 
density scale of semi-matt papers is of the order of 1°5, while matt papers 
have the lowest scale of 12 to 1:3. 


Exposure scale is the term applied to the range of light intensities which 
will produce the full range of tones included in the density scale. Exposure 
scale gives no indication of the exposure time required in print making, but 
shows the range of exposures over which a paper will record light varia- 
tions. It is a measure of the scale of negative densities which can be 
printed, as indicated in the following example. 

Light passed through a negative may, for example, vary in intensity 
in the proportion of 25:1. If the print from this negative is to show 
gradation from full black to white the paper must be capable of giving its 
full density scale for an exposure range of 25:1. Such a paper would be 
given the contrast grade of “ soft,’ and have an exposure scale of 25: 1. 
By quoting the logarithm of the exposure scale (i.e., 1°4) its value is 
identical with the range of negative densities reproduced. 

Whether the full range of negative densities requires to be reproduced 
within the full scale of the paper, depends on the nature of the subject and 
the opinions of the photographer. 


Factors affecting print contrast 


| Negative density scale. Negative density scales vary considerably 
according to the nature of the subject, and to the type of negative material, 
its exposure and processing; this is clearly the factor which has the most 
direct effect on the print density scale. The aim of the manufacturer is 
to produce papers with the various exposure scales necessary to give prints 
of the desired density range from the variety of negatives normally 
encountered. 


2 Grade of Contrast. It is in the respect of exposure scale that the 
contrast grades of papers vary, and thereby provide the chief means of 
controlling the final print contrast. Fuller details and the contrasts 
available in each paper are given in the Kodak Professional Catalogue, 
available on application. 
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3 Surface. It should be noted that for a given contrast grade of one 
type of paper the exposure scale is the same for all surfaces. But as a 
smooth glossy paper will give a deeper black than a matt one the use of the 
former will result in a print of appreciably higher visual contrast. 


4 Enlarger or printer. Enlargers equipped with condensing lenses 
produce prints of higher contrast than enlargers with diffuse illumination, 
other factors being equal. This is most noticeable with focusing condenser 
systems using a concentrated light source, but is less marked when opal 
lamps are fitted. In general, the degree of contrast obtained with com- 
pletely diffuse illumination is similar to that obtained by using a contact 
printer. A comparison of prints produced by condenser and diffuse-light 
enlargers may show a difference equal to that between prints made on 
adjacent contrast grades of paper. 

Fluorescent lighting units in enlargers undoubtedly give more actinic 
light, with lower consumption and cooler running, than tungsten lamps, 
but care must be exercised in installing these illuminants. Fluorescent 
tubes with predominantly blue emission permit shorter exposures, but 
white or green fluorescent light sources are to be preferred for ease of 
focusing. The conformation of the tubes and their positioning in the 
enlarger are points of importance, as it is not always as easy as would be 
expected to ensure even illumination of the negative with such light- 
sources. 

The use of mercury-vapour light sources invariably results in a general 
lowering of print contrast. 

The use of enlarging lenses with anti-reflection coatings results in a 
higher print contrast than that obtained with untreated lenses. 


5 Developer composition. By varying the composition, or concentration 
of the developer, slight changes in contrast can be obtained with chloride 
papers. 


6 Development time and temperature. It has already been pointed out 
that departure from the recommended development time may have 
an adverse effect on the image quality, for which reason such variations 
do not generally provide a practicable means of controlling print contrast. 
As the rate of development increases with developer temperature, depar- 
ture from the recommended temperature has a similar effect to that of 
variation in development time. In any case the range of contrast obtain- 
able by this means is often insignificant and is limited by the development 
times between which is obtained an image of acceptable colour and 
density. 


SPEED 


The speed of photographic papers is, in general, considerably less 
than that of negative materials. The relative speeds of the various 
kinds of paper are adjusted so that with the appropriate technique the 
exposure time is of a convenient duration. Thus exposure times of 
the same order are given on ‘Velox’ in contact printing, and on ‘Kodak’ 
bromide papers for average enlargements, although the exposure relation 
between them is about 50 to 1. 
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Relative speed values 


There is no generally agreed standard by which paper speeds can 
be expressed, which will provide a practical comparison between all kinds 
and contrasts. Moreover, a speed rating for a paper is not of the same 
practical value to the photographer as is the speed rating of a negative 
material, for in making a print the actual duration of exposure is not of 
major importance. Correctly exposed negatives usually have similar 
minimum densities although their maximum densities may be widely 
different. As the light areas of negatives are normally required to print 
to a high density, an approximate comparison between different contrast 
grades can be made by determining the relative exposures necessary to 
produce a standard high density. To quote an absolute exposure is not 
usually of practical value, so it is more common to quote as “relative 
speed” the exposure ratios required to produce the specified density. 


RELATIVE EXPOSURES FOR ‘KODAK’ PAPERS 
Contrast Grade No. 2 


Bromide . 
‘Bromesko’ . 
‘Velox’ 





It is only when various photographic papers have the same contrast 
characteristics that comparable relative speed values will apply throughout 
most of their tone range. In such cases, after making a trial exposure on 
one paper, the photographer can refer to relative speed values and calculate 
the necessary exposure for other kinds of printing paper. The foregoing 
table of approximate relative speeds is based upon the exposure time to 
print from a standard negative on the normal grade of each paper. 


No constant factor can be applied to relate speed values arrived at through 
using different methods, or different standard densities. 


Variation of speed with contrast 


If a comparison is made of exposure times necessary to print one 
standard negative on to papers of different contrast, it will be noticed that 
the higher contrast grades require longer exposures than the soft grades. 
In practice, however, the former are generally used with negatives of 
comparatively low mean density, therefore, when negatives are printed on 
papers of appropriate contrast the speed difference between the grades is 
largely offset. 


Printing speed and lamp voltage 


The practical value of speed ratings only holds for as long as the exposure 
conditions are similar during the speed tests and the actual printing. The 
factors to be considered are duration of exposure, intensity of light, and 
colour of light. Photographic papers generally are sensitive to blue light 
only, and it is the emission of blue light which is most reduced when an 
electric lamp is run below its rated voltage. The mains voltage is liable, 
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on occasions, to fall appreciably below its nominal value and the resulting 
loss of effective printing lighting is more than the drop in visible brightness. 
In some cases a drop of 5 per cent in line voltage may necessitate as much 
as 30 per cent increase in exposure time. 

If enlarging times are inconveniently long and cannot be reduced by 
other means, it may be possible to use a lamp of the next voltage rating 
below the mains voltage stated by the power company. It should be 
confirmed, however, that the fuse and leads to the lamp will carry the 
increased load with no appreciable voltage drop. 


EXPOSURE LATITUDE 


The best possible prints are obtained by exposing so that development 
takes place in the recommended time, but acceptable prints may be 
obtained throughout a reasonable range of exposures, if the developing 
time is adjusted to secure the desired average print density. Exposure 
latitude is the ratio between the greatest and the least printing exposure 
times which will produce satisfactory results when the development time 
is adjusted. The practical exposure latitude is limited largely by the 
safelight fog or chemical veil produced by an extended development time, 
or the image colour produced by a shortened development time. This 
latitude is greater for the softer contrast grades. ‘Kodak’ photographic 
papers are produced for their exposure and development latitude. 


COLOUR SENSITIVITY AND SAFELIGHTING 


Photographic papers are, in general, sensitive only to the ultra-violet, 
violet and blue and in some cases blue-green portions of the spectrum. 
They can, therefore, be handled with safety under yellow, lime-yellow, or 
red safelights, according to the type of paper. Certain safelighting 
recommendations are given in the table below, but detailed recommenda- 
tions may be found in Data Sheet RF-2:— 


RECOMMENDED ‘KODAK’ SAFELIGHT 
‘Wratten’ Series 


‘Velox’. . . 00 Bromide High Resolu- | Recording. . . . | 
tion Waterproof 0B 


0B Transfer Sensitizing OB 


Bromide . 


‘Bromesko’ OB Transferotype’ . .0B | ‘Duostat’. . . . 00 


Projection 
Bromide Foil Card . 0B ‘Kodalith’ . . . IA Document OB 





The above recommendations are for direct lighting with a 25-watt bulb. 


IMAGE COLOUR 


This refers to the colour of the silver deposit in the finished print. If 
brownish, the print is said to be ‘“‘warm”’ in tone and, if blue-black, it is 
described as “cold’’. These differences in colour are caused by variation 
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in size and condition of the silver grains which form the image, and are 
controlled by the emulsion composition and the conditions of development. 

By normal development, cold tones are produced on ‘Velox’, a 
neutral black is obtained on ‘Kodak’ bromide, and warm tones are given 
by ‘Bromesko’ paper. Prints on any of these papers may subsequently be 
toned. 

Since warm tones are due to the extremely small size of the silver grain 
in the image, prolonged fixing destroys the warmth of tone even before 
it produces noticeable fading. Prints which are very warm in tone should 
be fixed for not longer than five minutes in a fresh bath. Therefore, in 
order to ensure complete fixing, they must be kept separated and well 
agitated in the bath. 


IMAGE TONING 


When a more definitely coloured image is required than that obtained 
by direct development, it is necessary to tone the developed and fixed 
image by an additional process. Pleasing brown tones may be produced 
by converting the metallic silver to brown silver sulphide in either the 
hypo-alum or the sulphide toning baths. Alternatively, selenium toners 
yield a variety of tones. 


SURFACE 


The surface finish of ‘Kodak’ photographic papers varies in the following 
two general respects: 
Base texture. The texture of ‘Kodak’ papers can be classified in five 
degrees as smooth, velvet, fine, silk, or rough. 
Surface sheen. The relative sheen of the surface finish is listed as 
glossy, lustre, low lustre, or matt. 


BASE TINT 


The tints in which ‘Kodak’ papers are supplied are white, ivory, and 
cream. 


PAPER BASE 


The paper stock which forms the base of ‘Kodak’ papers is of the highest 
quality both physically and chemically, enabling them to withstand the 
handling necessary in processing, and ensuring a high degree of perma- 
nence in the prints. 

A baryta coating, of barium sulphate in gelatine, is applied to certain 
grades of paper to form a foundation to the emulsion and to increase the 
reflecting power of the paper. 

‘Kodak’ papers are classified as extra-light-weight, light-weight, 
medium-weight, single-weight, or double-weight, according to the thick- 
ness of the paper base. 


RANGE OF ‘KODAK’ PAPERS 
Bromide—‘Kodak’ bromide paper has an emulsion speed suited to printing 
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with any type of enlarger or contact printer. This paper is produced ina 
wide variety of grades to meet every purpose. A rich neutral-black tone, 
uniform through all degrees of contrast, is obtained (Data Sheet PP-9). 


Press Bromide—similar to bromide paper, but with a low degree of 
fluorescence to ultra-violet radiation, and made to give reproduction 
quality under conditions of urgency. Recommended for press work and 
for teletransmission recording (Data Sheet PP-9). 


Press F Bromide—similar to Press Bromide, but having a higher degree of 
fluorescence or surface whiteness. It yields prints of increased brilliance. 


‘Velox’—this paper is specially made for the production of contact prints. 
The five degrees of contrast make it an ideal medium for producing prints 
of uniform quality from negatives of widely different contrast. This 
paper can be made to give cold tones of constant colour throughout all 
degrees of contrast (Data Sheet PP-11). 


‘Bromesko’—a paper well suited for all contact printing and enlarging. 
When processed in the manner of a bromide paper, ‘Bromesko’ is of 
similar speed. Direct development produces a rich warm-black image, of 
full density scale, eminently suitable for exhibition prints (Data Sheet 
PP-10). 


Bromide Foil-Card—an aluminium-foil, laminated paper intended for the 
preparation of permanently true-to-scale reproductions for use in carto- 
graphy, air survey, etc. (Data Sheet PP-2). 


Bromide High-Resolution Waterproof—a bromide emulsion coated on to a 
paper base which has been lacquered on both sides. Its characteristics of 
low water absorption, and great robustness during processing allow it to 
dry quickly without cockling and to maintain a dimensional stability 
during processing at least as good as normal film base (Data Sheet PP-3). 


‘Transferotype’—comprises a high-quality bromide emulsion, of normal 
contrast, coated on a paper base previously surfaced with a layer of gelatine 
which is soluble in hot water. By the use of this paper a photograph may 
be transferred on to either an opaque or transparent surface, for such 
purposes as decorating walls, fabrics, pottery, translucent panels, lamp- 
shades, etc. (Data Sheet PP-5). 


Kodalith Papers—a range of papers having a slow, very-high-contrast, 
orthochromatic emulsion, used for the making of line and medium-screen 
or coarse-screen negatives or positives for photomechanical reproduction 
processes (Data Sheets PP-6 and 7). 


Recording Papers—for the recording of moving light traces which may 
vary considerably in intensity, colour, and duration. These papers are 
made available to meet different requirements (Data Sheets PP-8 and 8A). 
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Transfer Sensitizing Paper—a dry-stripping material designed for the 
sensitizing of any flat surface of metal, plastic, wood or other material by 
a transfer technique which leaves on the surface a sensitive layer ready for 
exposure and processing. The process allows for the printing of true-to- 
scale engineering drawings on to the products to be machined, for such 
purposes as template making. Large areas may be sensitized, as the 
paper is supplied in rolls of widths up to 40 inches (Data Sheet PP-4). 


Document Papers—‘Duostat’ and Projection Document papers and 
sensitized cloths, which are all of high contrast, are produced for the 
copying of many different types of original, by contact or projection, 
respectively. These materials are available with various base thicknesses 
and degrees of translucence, and with different surface characteristics. 
Further details may be obtained from the booklet-—‘Kodak’ Document 
Copying Papers—available on application. 

‘Autopositive’ papers are slow, high-contrast, papers having the unique 
characteristic of producing a positive copy direct from a positive original, 
with only normal processing; no intermediate stage is required. These 
papers are frequently used to produce master positives for subsequent 
extensive printing of dye-line or blue-print copies, usually in drawing 
offices. Further details may be obtained from the booklet—‘Kodak’ 
Document Copying Papers—available on application. 


Product names quoted thus—‘Kodak’—are trade marks 
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‘KODALITH’ TRANSLUCENT PAPER, TP 





General properties and uses: This paper consists of an extremely high- 
contrast orthochromatic emulsion coated on a highly translucent, tough, 
paper base. With the exception of the base, it is identical with ‘Kodalith’ 
Glossy Paper, GP, and ‘Kodalith’ Lustre Paper, LP (Data Sheet PP-7). 

This material will produce high-quality line or coarse-screen work 
when lateral reversal is not required. 

With fine, medium, or coarse-screen work, the quality obtained com- 
pares very well with that of ‘Kodalith’ Ortho Films, Type 3. However, 
there may be some loss of quality for very fine-screen half-tone work—120 
lines and upwards—and this material is not therefore recommended for 
this work when the highest level of dot quality is required. No appreci- 
able increase in exposure is called for when printing down, compared with 
film, but the dimensional stability is not quite as good as that of film. 

It is particularly important to ensure that the copy-board glass, the 
original, and paper are free from dust, as the very high contrast of the 
paper causes it to reproduce as pinholes or spots. 

This paper is available in a range of sheet sizes. The paper base has an 
anti-halation backing which clears during development. 


Sensitization: Sensitive to ultra-violet, blue, and green. 


Log Sensitivity 





Wave-length (my) 


The curves above show the variation of log sensitivity with wave-length for 
an exposure time of 15 seconds. Sensitivity is defined as the reciprocal of 
the exposure (expressed in ergs/cm?) required to produce a specific 
density, above gross fog, when the material is processed as recommended 
in ‘Kodalith’ Super Developer. 
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Speed and exposure: The effective speed of this paper depends on the 
conditions of use, so that no figures of any practical value can be given. 
The following is an example of a typical exposure under average working 
conditions with a good-quality original. However, it should be used only 
as a guide for trial exposures; the actual exposures may vary considerably 
according to the working conditions and the quality of the original. 
For a same-size reproduction of a line original, with four 35-ampere arc 
lamps four feet from the centre of the copy, each at an angle of 45° to the 
camera-subject axis, an exposure of 30 seconds at f/32 would be approxi- 
mately correct. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on the specific filters and in the book ““Kodak Wratten Filters’’. 











No. I! | No. 15 
No. 47B 
(XI) (G) 


KODAK ‘WRATTEN’ FILTER 


Tungsten factor 
Open-arc factor . 





Safelight filter recommended: Indirect or direct lighting : ‘Wratten’ Series 
1A (medium red). 


Development: A developer of special type, ‘Kodalith’ Developer Powder, 
must be used to obtain the extreme density and contrast of which this 
emulsion is capable; ‘Kodalith’ Super Developer Powder may also be used. 

When developed as recommended in a ‘Kodalith’ developer, the 
first appearance of the image is relatively slow (30-40 seconds), after which 
the image remains of low contrast until about 70 per cent of the develop- 
ing time has elapsed, when density builds up rapidly. A dense black 
image will be formed, leaving the clear parts free from veil or fog. 

Develop the paper at 20°C (68°F); when developing by inspection use a 
temperature of 18°-21°C (65°-70°F). If the developing time is extended 
much beyond that recommended, the contrast will suffer. 

It is recommended that development, particularly of half-tone negatives, 
be undertaken by inspection. This can be accomplished by the light from 





DISH DEVELOPMENT TIMES AT 20°C (68°F) WITH CONTINUOUS AGITATION 


Line and half-tone work 


Developer Maximum Contrast and | Permissible 
Optimum Quality Range* 
“Kodalith't) «30 206 6 a Yk Bas 24 min 2-34 min 
‘Kodalith’ Superf . 2. 2. 2. 2... 24 min 2-34 min 


*Extending the developing time will result in a lowering of the dot quality in half-tone work. 
tAvailable in powder form. 
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a safelamp suspended or held close to the dish. With a safelamp in 
either of these positions, do not turn it on and bring it into use until 
development has proceeded for approximately two minutes. 


Stop bath: After development, rinse the paper for about 10 seconds at 
18°-21°C (65°-70°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, a solution made up according to Kodak formula SB-la (see 
Data Sheet FY-4 or Graphic Arts Leaflet GA-14), or in running water. 


Fixing, washing, and drying: Fix the paper at 18°-21°C (65°-70°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with or 
without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a solution made 
up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4 or 
Graphic Arts Leaflet GA-14). In a fresh bath fix the paper for not less 
than 5 minutes. 

Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, wash the negative or 
positive in running water, for at least 15 minutes, in a washing vessel 
which provides at least one complete change of water every 5 minutes. 

To obviate the risk of drying marks and to hasten drying, rinse the 
negative or positive for approximately 30 seconds in Kodak ‘Photo-Flo’ 
Solution, at the recommended dilution. 


Reduction: The use of a reducer is seldom necessary with this material. 
If required, a non-staining reducer made up according to the Kodak 
Formula R-14 is very suitable: alternatively, a solution made up according 
to Kodak formula R-4a or R-4b (Farmer’s reducer) may be used (for 
formulae see Data Sheet FY-5 or Graphic Arts Leaflet GA-14). 


The characteristics of the paper given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
KODALITH 
METAFIX 
PHOTO-FLO 
UNIFIX 
WRATTEN 
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‘KODALITH’ GLOSSY PAPER, GP 
‘KODALITH’ LUSTRE PAPER, LP 


General properties and uses: Both these papers have extremely high- 
contrast orthochromatic emulsions. Their speed and general photo- 
graphic characteristics are similar to those of the other ‘Kodalith’ products. 

The glossy variety has many applications in photomechanical work for 
making line, and medium or coarse screen negatives, or positives, in the 
camera, or by contact. Itis particularly suitable for making prints which 
are subsequently to be re-copied, and for use in combination work. 

The surface of the lustre paper readily accepts opaque retouching media, 
and the paper is therefore suitable for making composites with combined 
handwork. In conjunction with a ‘Wratten’ 23A filter (reddish orange), 
it is very suitable for reflex printing, and has a valuable application in 
making, without the use of a camera, direct reflex negatives of a quality 
suitable for printing-down on to metal (see Graphic Arts Leaflet GA- 
App-3). 

It is particularly important to ensure that the copyboard glass, the 
original, and the paper are free from dust, as the very high contrast of 
these papers causes the dust to reproduce as pinholes or spots. 

These papers are available in a range of sheet and roll sizes. 


Sensitization: Sensitive to ultra-violet, blue, and green. 


Log Sensitivity 





Wavelength (nm) 


The curves above show the variation of log sensitivity with wavelength 
for an exposure time of 15 seconds; the sensitivity is expressed as the 
reciprocal of ergs/cm?. The curves shown are for specified densities above 
gross fog, and apply when the material is processed as recommended in 
‘Kodalith’ Super Developer. 
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Example of exposure: The following is an example of a typical camera 
exposure, under average working conditions, with a good-quality original. 
However, it should be used only as a guide for making trial exposures ; 
the actual exposure may vary considerably according to the working 
conditions and the quality of the original. 


For a same-size reproduction of a line original, with four 35-ampere 
arc lamps 4 feet from the centre of the copy, each at an angle of 45° to 
the camera-subject axis, expose for approximately 30 seconds at f/32. 


The reflex method, including an example of exposure, is described in 
Graphic Arts Leaflet GA-App-3. 


Filters: The exposure factors given below can be only an approximate 
guide to the actual increase in exposure as they depend on the composition 
of the lighting. Further details of these and other filters can be found in 
the Data Sheets on specific filters and in the book “Kodak Wratten 
Filters”. 


‘ , 8 9 Ul 
KODAK ‘WRATTEN’ FILTER (K2) (K3) (x1) 
Tungsten factor . . . . 2. 2. es It 2 2 
White-flame arc factor . ..... 2 3 3 





Safelighting: Handle by the direct or indirect light from a safelamp 
fitted with a ‘Wratten’ Series 1A (light red) safelight filter and a 25-watt 
bulb, at no less than 4 feet (3 feet for the Kodak ‘Wratten’ Safelamp). 


Development: A developer of special type, ‘Kodalith’ Developer Powder 
must be used to obtain the extreme density and contrast of which this 
emulsion is capable; ‘Kodalith’ Super Developer Powder may also be 
used. Considerably higher emulsion speed can be obtained by the use 
of ‘Kodak’ D-11 Developer, although with some loss of contrast. 


When developed as recommended in a ‘Kodalith’ developer, the first 
appearance of the image is relatively slow (30-40 seconds), after which the 
image remains of low contrast until about 70 per cent of the developing 
time has elapsed, when density builds up rapidly. A dense black image 
will be formed, leaving the clear parts of the negative or positive free from 
veil or fog. 


Development should be undertaken, preferably, with a solution tem- 
perature of 20°C (68°F); in any case it should be used between 18° and 
21°C (64° and 70°F). If higher temperatures are unavoidable, the use of 
‘Kodalith’ Developer in conjunction with a restrainer made up according 
to Kodak formula SDR-1 is recommended to prevent the developing 
time from becoming inconveniently short. The formula of SDR-1, 
together with instructions for its use, may be found in Graphic Arts 
Leaflet GA-Ref-1. If the developing time is extended much beyond 
that recommended, the contrast will suffer. 
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It is recommended that development, particularly of half-tone negatives 
or positives, be undertaken by inspection. This can be accomplished 
by the light of a safelamp suspended or held close to the dish. The safe- 
lamp should be fitted with a 15-watt bulb, and should not be brought 
closer than 18 inches, nor should it be turned on and brought into use 
until development has proceeded for approximately 1? minutes. 


Develop for the times given in the following table for both line and 
half-tone work. 





DISH DEVELOPING TIME* 
AT 20°C (68°F) 


‘KODAK’ 
DEVELOPER Maximum Contrast and Permissible Ranget 
Optimum Quality 8 

‘Kodalith 2... 2 2 2 25 min 2-3 min 
‘Kodalith’ Super . . 2. 2. 1... 23 min 24-32 min 
D-Ill (undiluted). 2. 2. 2. 2 2 min - 

* With continuous agitation. For formula of D-I| see Data Sheet 
t Extending the developing times will result in a lowering FY-2 or Graphic Arts Leaflet GA-Ref-1. 


of dot-quality in half-tone work. 


Stop bath: When development is complete, remove the paper from the 
developer and immerse it for about 10 seconds at 18°-21°C (64°-70°F) 
in a solution of ‘Kodak’ Liquid Stop Bath with Indicator. Alternatively, 
it may be rinsed in a stop bath made up according to Kodak formula 
SB-1a (see Data Sheet FY-4 or Graphic Arts Leaflet GA-Ref-1). 


Fixing, washing, and drying: Fix the paper at 18°-21°C (64°-70°F) in 
one of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer 
(with or without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a 
solution made up according to Kodak formula F-5 or F-24 (see Data 
Sheet FY-4 or Graphic Arts Leaflet GA-Ref-1). 


Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negative or positive 
should be washed in running water in an efficient washing vessel for at 
least 30 minutes. The negative or positive should then be dried in a 
dust-free atmosphere. 


Reduction: Reduction or clearing is best undertaken in a solution made 
up according to Kodak formula R-14. Alternatively, the use of Farmer’s 
Reducer (Kodak formula R-4a or R-4b) or an iodine-cyanide reducer is 
recommended. The formulae of R-14, R-4a, and R-4b, and instructions 
for their use, are given in Data Sheet FY-5 and Graphic Arts Leaflet 
GA-Ref-1. 


The characteristics of the papers given in this publication are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODALITH 

KODAFIX 
METAFIX 
UNIFIX 
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KODAK ‘LINAGRAPH? RP.30, RP.35, AND 
480 PAPERS 


General properties and uses 


‘Linagraph’ RP.30 Paper is a paper of medium contrast on a glossy, 
single-weight base—0-0068 inch thick—which will accept pencil, ball- 
point pen, or ink annotations. It is made for many types of recording 
work in which a fast-moving light-spot is used; it is sufficiently fast for 
the great majority of cathode-ray-oscillograph recording work when blue 
screens are used; it has approximately two hundred times the speed of a 
normal bromide-paper emulsion. This paper is of particular value when 
used in apparatus demanding high-speed processing, owing to its relatively 
rapid rate of fixing. 


‘Linagraph’ RP.35 Paper, Light Weight, is similar to RP.30, so far 
as its emulsion characteristics are concerned, but it is coated on a thinner 
base—0-0045 inch thick—which allows approximately 50 per cent more 
RP.35 to be wound on a core than RP.30. Its thin base facilitates quick 
drying and makes this paper particularly suitable for reproduction by 
direct-transmission copying methods. It has a semi-matt surface which 
is very receptive to inscriptions. 


‘Linagraph’ 480 Paper has an orthochromatic, moderately high-contrast 
emulsion coated on a document-paper base—0-0050 inch thick—having 
a matt surface which readily accepts pencil, ball-point pen, or ink anno- 
tations. It is primarily for use in seismograph recording, but is very 
suitable also for electro-cardiograph recording and for cathode-ray- 
oscillograph recording when green screens are used and when the light- 
spot is not moving too rapidly. It is particularly recommended for those 
instruments which require a paper base rather thinner than the normal 
single-weight base. 


Sensitization: The sensitivity curves of the three papers to tungsten light 
(3200°K) are shown below :— 





8 “ anew @ , $2 $4 56 58 ' 62 64 6b AF 36 38 40 42 44 46 48 SO 52 S54 56 SB 60 62 64 66 OH 
Blue Green i Green 
RP.30 and RP.35 Papers ‘Linagraph’ 480 Paper 


RP.30 and RP.35 papers are sensitive to ultra-violet and to blue light 
only; ‘Linagraph’ 480 Paper is sensitive to ultra-violet, blue, and green. 
The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed, and does not give a 
true indication of the ultra-violet sensitivity of the material. 
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Relative speed: The figures in the following table represent the relative 
sensitivities of the four papers, at an exposure time of 1 millisecond, 
to tungsten light (3200°K) unfiltered, filtered by the ‘Wratten’ Filter 
No. 47B (deep blue), and filtered by the ‘Wratten’ Filter No. 58 (green). 
These figures may serve as a guide but the exact exposure should be 
ascertained by practical trial. The figures may be related to the speed 
of ‘Linagraph’ Pan R.60 Film (Data Sheet FM-60) which is taken to be 
100 in all three columns. 








P Tungsten Blue light— Green light— 
aper light (3200°K) ‘Wratten’ No. 47B | ‘Wratten’ No. 58 
RP.30....~. 
\ 60 210 2 
RP.35 ‘ 
‘Linagraph’ 480... 4 10 6 
Safelighting 









Indirect Lighting 





Direct Lighting 





RP.30. 
RP.35. 


‘Wratten’ Series 6BR 

J (light brown), or 
‘Wratten’ Series | 
(red) (with caution) 


‘Wratten’ Series 6B 
(brown) 


‘Linagraph’ 480. 







‘Wratten’ Series 2 
(dark red) 


‘Wratten’ Series 2 
(dark red) 


Development: ‘Kodak’ DX-80 Developer should be used for preference, 
as changes in its dilution allow development times to be altered to produce 
a constant degree of contrast—a useful characteristic for users of con- 
tinuous-processing machines. Alternatively, a solution made up according 
to Kodak formula D-19b (for formula see Data Sheet FY-2) should be 
used. 

For ultra-rapid development ‘Kodak’ DX-80R Replenisher (used as 
a developer) may be used. 

The development times in the table opposite are given as a guide. Exact 
practice will depend upon the apparatus employed and the conditions of 
use, but the concentrations of developer solutions should not exceed those 
recommended; high concentrations will not reduce the development time. 
Serious over-exposure should also be avoided, especially where accuracy 
is of prime importance, as it may tend to produce a spreading of the lines. 

Further information concerning development may be found in Data 
Sheet PR-4. 

Irrespective of whether a dish or a tank is used, the time should be 
taken in accordance with the agitation employed. 
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Developing | Developing 





Developer Dilution Agitation Temperature Time 
1+4 Continuous* | 68°F (20°C) | 24-34 min 
DX-80+ é 1+5 Continuous 95°F (35°C) | 30-50 sec 
142 Continuous 95°F (35°C) | 20-30 sec 
1+3 Continuous | 105°F (41°C) | 12-20 sec 
DX-80R Replenishert . . 1+4t | Continuous 95°F (35°C) | 5-6 sec 
D-l9b§. . 2 we, Undiluted | Continuous* | 68°F (20°C) } 3-4 min 
* For intermittent agitation—thorough but brief agitation at For formula see Data Sheet FY-2. 


one-minute intervals—the times should be increased by approximately 25 per cent. 
t Available as a ‘Kodak’ Liquid Developer. 
$ Avoid overdeveloping with this solution, or fogging will result. 
§ Available as a ‘Kodak’ Packed Developer Powder. 


Time-temperature curves 


Temperature (°F) 





1S 20 30 40 
as a Blaeerint (minutes) 


The developing times at various temperatures corresponding to 24 and 
4 minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
These recording papers may be developed at higher temperatures when 
required. 


Fixing, washing, and drying: The records should be rinsed in a solution 
of ‘Kodak’ Liquid Stop Bath with Indicator, or in running water and 
fixed, normally at a temperature of 65°-75°F (18°-24°C), in a solution of 
‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, in 
‘Kodafix’ Solution, or a solution made up according to Kodak formula 
F-5 or F-24 (see Data Sheet FY-4). The stop bath may be omitted when 
the rapid production of records is of greater importance than the shortening 
of the life of the fixer, or the permanent preservation of the records. 

When permanence is a prime consideration, fixing should be thorough, 
and the preferred practice is the use of two successive fixing baths. In 
many cases, however, the use of a single fixing bath will be adequate; 
when such a bath is used for rapidity, a fixing time of 3 minutes will 
normally be sufficient. For even greater rapidity, recommendations are 
given overleaf in the section ‘‘Stabilization’”’. 

When two successive fixing baths are used, the records should be fixed 
for 3-5 minutes in each, draining back into each bath for 5 seconds. The 
first bath should be discarded when it has fixed the equivalent of 20,000 
square inches (twelve 100 foot lengths of 35 mm width) of paper per 
gallon. It should be replaced with the second bath and a fresh second 
bath made up. Ifa single fixing bath is used, up to 10,000 square inches 
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(six 100 foot lengths of 35 mm width) per gallon, or the equivalent, may 
be fixed, giving a time of 5-10 minutes and frequent agitation. 

Adequate washing for most purposes, when permanence is unimportant, 
can be obtained in 2 minutes in running water. For requirements of 
permanence, the records should be washed for 30 minutes at 60°-75°F 
(16°-24°C), being well agitated by a rapid flow of water. Alternatively, 
the records can be soaked for 5 minutes in each of 6 complete changes of 
water. At lower temperatures, or with less efficient washing equipment, 
the times may have to be increased considerably. Washing times may 
be greatly reduced, without impairing the permanence of the records, by 
the use of ‘Kodak’ Hypo Clearing Agent. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The records should then be dried in a dust- 
free atmosphere. They may be dried, but not glazed, on a rotary drier, 
dried face-downwards on absorbent material such as muslin, cheese-cloth, 
or Fotonic Photographic (blotting) Paper, or hung up with suitable clips. 

Further information concerning fixing, washing, and drying may be 
found in Data Sheet PR-4. 


Stabilization: When records are to be used for only a few months, they 
may be stabilized, and this treatment is given in place of the normal 
fixing procedure. This should only be used, however, when the 
records can be stored under temperate conditions. In such cases, wash- 
ing is unnecessary, but if they are to be dried in equipment which is also 
used for drying ordinary photographic prints they should be given a 
2-3 minute wash; this will remove chemicals that would otherwise 
contaminate the drying equipment. The following tables give recom- 
mendations for stabilizing solutions and times, for continuous agitation, 
for both rapid and normal stabilization. 










Time at 
68°F 95°F | 10°F 
(20°C) (35°C) (43°C) 


Rapid Stabilization 


‘Kodak’ AM-33 Rapid Liquid Fixer (diluted 
ea Sh rs ke arte Se ed 


Quick-Finish Fixer Powder (used as_ in- 
structed on label) ws eg 


7 sec 









Time at 
Normal Stabilization 68°F 95°F | 10°F 
(20°C) (35°C) (43°C) 


‘Duostat’ Print Stabilizer Liquid (diluted 
I+1). Todt stereo, “ei tudes “Sate, Sv 
20 sec 13 sec 
‘Duostat’ Print Stabilizer Powder (after 
dissolving, use diluted I+!) . . . . . 





NOTE—The above times are given only as a guide; exact figures depend upon the procedure employed. 
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Treatment for permanence: If it is subsequently required to keep records 
which have been stabilized or rapidly processed, they should first be 
re-fixed and re-washed according to the normal procedure. 


Availability: Full details of the scheduled sizes of these recording papers 
may be found in Data Sheet SE-8, ‘“‘Characteristics, Choice, and Avail- 
ability of ‘Kodak’ Recording Materials”. 


The characteristics of the papers given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this publication are trade marks 


KODAK 
WRATTEN 
KODAFIX 
LINAGRAPH 
DUOSTAT 
PHOTO-FLO 


KODAK LIMITED LONDON 


TP PP-8/xWP 10362 


‘KODAK’ RP.12 PRINT-OUT RECORDING PAPER 


General properties and uses: RP.12 Recording Paper is designed for use 
in special recorders which incorporate a light-source of sufficient intensity 
either to produce an image which prints out without any further treat- 
ment, or a latent image which prints out on subsequent exposure to room 
lighting. The image is a negative one, i.e., a spot trace produces a dark 
line on a light background. The paper has a semi-matt surface which 
is very receptive to inscriptions; the base is approximately 0-005 inch 
thick. 


Handling: Owing to its being supplied and used in rolls, the paper is 
relatively insensitive to normal room lighting and may, therefore, be taken 
out of the packet and loaded into the recording equipment without the 
need for protective measures, provided that exposure to direct sunlight 
or bright daylight is avoided. 


Sensitivity: The sensitivity of this paper is illustrated by the fact that it 
will record the flash from an average 50 joule electronic flash outfit at a 
distance of approximately 12 feet. In galvanometer recording, in which 
the paper is moving, a light-source of high intensity is necessary; a 
spot-source mercury-vapour lamp is the most effective, and by its use, 
with suitably designed equipment, writing speeds in excess of 30,000 
inches per second (approximately 750 metres per second) can be success- 
fully recorded. 

The latitude of the paper is very great, and a range of exposures greater 
than 100 to 1 can successfully be recorded. 


Post-exposure intensification: The trace frequently becomes visible 
immediately after exposure, but in some cases, particularly when high- 
frequency recordings have been made, the image may be weak or even 
latent; such records may be intensified by exposing them to the light of 
fluorescent tubes, or to weak daylight, until the optimum image quality is 
obtained; the exposing time necessary to achieve this should be 1 minute 
or longer. The image then appears as a dark trace on a slightly veiled 
background. Best results will be obtained if the latent image is exposed to 
light of such intensity that the exposing time is as long as conveniently 
possible. 


Viewing of records: Unless the optional processing step described on 
page 2 has been used, records may on subsequent viewing very slowly 
deteriorate. To prevent this they may be viewed while covered with a 
transparent ultra-violet and blue-absorbing yellow filter, such as the 
‘Kodak’ Flexible Filter $58/2; this increases the viewing life almost 
indefinitely. 


Storage of records: The life of records made on this paper depends on 
the method of storage; under optimum conditions they will keep for 
many years. The records should be placed in a folder to protect them 


Issue B Kodak Data Sheet 
PP-8A 


from light. Excessive heat or humidity, or contamination by industrial 
or chemical fumes, etc., should be avoided. The records should never be 
exposed to direct sunlight, and should be examined by artificial light or 
subdued daylight. 


Optional processing treatment for greater permanence of post-exposure 
intensified records: Processing can be undertaken with records already 
intensified by post-exposure in order to secure their complete permanence, 
although no increase in contrast will be obtained; this treatment may be 
deferred, if desired, until the necessity for it arises, but the earlier this can 
be done the better the result obtained. 


This optional processing treatment is similar to the normal processing 
of photographic materials except that the developer is diluted and modified 
by the addition of hypo. 


Before a record is processed, it is recommended that a test be made 
using either an unimportant section of the actual record, or a test length, 
which should incorporate a trace equivalent to the highest writing speed 
involved. Records which have first been cut into short lengths are 
easier to handle during processing. 


The handling of records during processing does not necessitate safe- 
lighting; weak daylight, fluorescent tubes, or tungsten lighting are all 
suitable. 


Development : The recommended developers are D-19b developer diluted 
1 part plus 9 parts of water, and ‘Kodak’ DX-80 Developer diluted 1 part 
plus 36 parts of water. To either of these developers, after dilution, 
should be added 45 grains of hypo crystals per 20 fluid ounces (5 grammes 
per litre). The formula of D-19b may be obtained from Data Sheet 
FY-2. 


Development, which should be undertaken at a temperature of approx- 
imately 68°F (20°C), can be judged by visual examination and should be 
continued until the desired degree of contrast has been obtained. There 
will be a slight darkening of the background with those records which 
have previously been intensified by post-exposure. The development 
time in the case of a strong trace is usually between 2 and 3 minutes, 
but weaker traces may require a longer time. 


Fixing: After a brief rinse in water (which is optional), the record should 
be fixed at a temperature of 65°~-70°F (18°-21°C) in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 


Washing : Records should be washed for up to 30 minutes, being well 
agitated by a rapid flow of water in efficient washing equipment. Alterna- 
tively, the records can be soaked for 5 minutes in each of 6 complete 
changes of water. 
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Drying : The risk of drying marks may be obviated, and drying hastened, 
by rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, 
in the dilution recommended. The records should then be dried in a 
dust-free atmosphere; hot-air drying may be used. 


NOTE: In those special cases where the best quality is required, it can be 
obtained by giving the optional processing treatment immediately after 
the trace has been produced and without intensifying by post-exposure. 
The ‘Wratten’ Safelight Series 00 (yellow) should be used during pro- 
cessing. 


The characteristics of the paper given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 
KODAK 
WRATTEN 
PHOTO-FLO 
DUOSTAT 


KODAK LIMITED LONDON 
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KODAK ‘LINAGRAPH’ DIRECT-PRINT PAPERS, 
LIGHT-WEIGHT AND ULTRA-THIN 


General properties and uses: ‘Linagraph’ Direct-Print Papers are 
designed for producing visible traces using oscillograph recording equip- 
ment, without the need for chemical processing. They combine high 
writing speed and wide exposure latitude with high image contrast and 
stability. Low pressure-sensitivity is another feature of these papers. 

These papers may be used in recorders which incorporate a light- 
source of sufficient intensity either to produce a trace which prints-out 
without further treatment, or a latent image which prints-out on subse- 
quent post-exposure intensification (““photo-development’’) by light. If 
desired, the traces may be stabilized to obtain a greater degree of perma- 
nence. In either case the image is a negative one, i.e., a spot trace 
produces a dark line on a light background. 

Both papers have a matt surface which will readily accept annotations 
in pencil, ink, or ball-point pen. The finished thickness of the Light- 
Weight paper is approximately 0-005 inch; that of the Ultra-Thin paper 
is approximately 0-0028 inch, which permits a greater length to be 
accommodated on a roll of given diameter. Both papers are suitable for 
reproduction by most copying methods, and the Ultra~-Thin paper is 
particularly suitable for methods which employ transmission printing. 


Handling: The paper may be taken from its box and loaded into the 
recording equipment by normal room lighting, provided that several 
outer convolutions are allowed as a leader. Exposure to bright daylight 
should be avoided. 


Sensitivity: The sensitivity of this paper is high and with a suitable high- 
intensity light-source, such as a spot-source mercury-vapour lamp, the 
recording of writing speeds in excess of 30000 inches per second (approxi- 
mately 750 metres per second) is possible. 

The latitude of these papers is very great, and a range of exposures 
greater than 100 to 1 can successfully be recorded. 


Photo-development: The trace on the paper after exposure is usually 
weak or latent, except when very low writing speeds are used; records 
may be intensified as necessary by subsequent exposure to light until 
the optimum image quality is obtained. This procedure is termed 
“‘photo-development”, and may be undertaken in several ways, the 
following being particularly recommended :— 

“Blast”? Photo-Development : In most cases this is the preferred method. 
As the paper emerges from the recording equipment it should be passed 
under a suitable fixture fitted with one or two 20-watt fluorescent lamps. 
The correct height of the lamp-holder should be determined by trial: 
normally it will be found to be less than 12 inches. 


Issue A Kodak Data Sheet 
PP-8B 


Room-Light Photo-Development: In this method the paper is photo- 
developed by exposure to normal ambient room lighting (i.e., 25-50 foot- 
candles incident upon the working surface) for 30 seconds or longer. 
A photo-electric exposure meter can be used in assessing the level of 
illumination. For example, when using a Weston Master exposure meter 
directed at a sheet of matt white paper (about 12 inches square) from 
a distance of 12 inches, the conversions given in the following table are 
approximately correct :— 


WESTON READING 


FOOT-CANDLES INCIDENT 
Master |, 


Hl, WV Master V 
3:2 7 13 
6°5 8 26 
13 9 52 
25 10 100 


Satisfactory results can also be achieved in the field by post-exposure 
to bright daylight. 
Hot-Platen and Ultra-Violet Photo-Development: Some oscillographs 
incorporate a heated platen over which the paper passes after exposure. 
Whilst on the platen the paper is exposed to ultra-violet radiation from 
a fluorescent lamp causing the image to appear in a very short time, 
often as short as 1 second. 


Viewing of records: Oscillograms made on these papers have a high 
degree of permanence without the need for further treatment. 
However, unless the optional processing treatment described below has 
been used, the rccords may deteriorate slowly on subsequent viewing. 
To prevent this they should be viewed when covered with a transparent 
ultra-violet and blue-absorbing filter, such as the ‘Kodak’ Flexible Filter 
$58/2 (yellow); this increases the viewing life considerably. Alternatively, 
the use of suitable room illumination, such as that from yellow fluorescent 
lamps, from lamps screened with yellow filters (such as the ‘Kodak’ 
Flexible Filter $582), or from a Kodak ‘Velox’ Sodium Safelamp. 


Optional processing treatment: Oscillograms which will have to be 
exposed to or examined repeatedly under strong lighting, especially from 
any source with an appreciable ultra-violet content (e.g., the exposing 
lamps of a dye-line copying machine), will require processing to secure 
their permanence. They should first be photo-developed by any of the 
procedures mentioned above, and then treated by one of the following 
methods after as little delay as possible. 

Processing of Short Lengths: Short lengths of ‘Linagraph’ Direct- 
Print Paper should be developed by inspection in a dish, using Linagraph 
‘Permanizing’ Developer, MX 517-1, made up as recommended in the 
instructions. The exact developing time will depend on the degree of 
photo-development given and on the exhaustion of the developer solution, 
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but 2 minutes at 20°C (68°F) with continuous agitation should be used as 
a basis for trial; in the developer, the record should appear denser than 
required. The paper should then be rinsed for 10 seconds in a solu- 
tion of ‘Kodak’ Liquid Stop Bath with Indicator, or in running 
water, and fixed at a temperature of 18°-25°C (65°-77°F) in a solution 
made up from Kodak ‘Unifix’ Powder to dilution “‘A” (see the instructions 
packed with this product) for 5 minutes. It should then be washed 
in running water at 15°-25°C (59°-77°F) for 30 minutes; alternatively, 
the paper can be soaked for 5 minutes in each of 6 complete changes 
of water. For rapid processing, or when a low degree of permanence 
is acceptable, a brief rinse will suffice; washing should be completed 
later if a permanent record is required. When the reduction of washing 
time or the saving of water is important, ‘Kodak’ Hypo-Clearing Agent 
should be used. 

Processing of Rolls: If rolls of ‘Linagraph’ Direct-Print Paper are to 
be processed in a continuous processor, such as the Consolidated Type 
23-109B Oscillogram Processor, chemicals available as the Linagraph 
‘Permanizing’ Kit, MX 430F, should be used. Each kit contains 
instructions for mixing and use. 


Copying records: If duplicates of unprocessed records are required for 
inclusion in reports, or for other purposes, copies may be made by most 
document-copying methods. Any methods employing tungsten-light 
exposing lamps are suitable, but a preliminary test should be made before 
passing valuable records through a copier which has fluorescent or 
other light-sources which may emit a high proportion of ultra-violet or 
short wave-length radiation. 

Oscillograms made on ‘Linagraph’ Direct-Print Paper, Ultra-Thin, 
are particularly suitable for reproduction on dye-line and other machines 
employing transmission printing, provided that the records have first 
been given the optional processing treatment. 


Storage of records: The life of unprocessed records made on these 
papers depends on the method of storage; under optimum conditions 
they will keep for many years. The records should be placed in a 
folder to protect them from light. Excessive heat or humidity, or 
contamination by industrial or chemical fumes, etc., should be avoided. 

Unprocessed records should never be exposed to direct sunlight, but 
should be viewed as described above. 


The characteristics of the papers given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
LINAGRAPH 
PERMANIZING 
UNIFIX 
VELOX 


KODAK LIMITED LONDON 


TP PP-8B/xWP1 1364 


‘KODAK’ BROMIDE PAPERS 


General properties and uses: ‘Kodak’ Bromide Paper is made for both 
projection and contact printing. It has a physically hardened emulsion 
which produces a uniformly neutral, rich, black image tone, with a full 
scale of densities, over a wide range of developing times, and through all 
degrees of contrast. 


This paper is available in a wide variety of surfaces, base tints, and 
thicknesses, to suit technical and many other purposes. In the glossy 
varieties it is available in five grades of contrast, and in the other surfaces 
in three grades. Further details concerning the different varieties are 
available on application. 


‘Kodak’ Press F Bromide Paper is similar to the glossy varieties of 
‘Kodak’ Bromide Paper, but is supplied on a paper base which is par- 
ticularly suitable for photomechanical reproduction purposes. It is 
recommended for press work and for teletransmission recording. 


‘Kodak’ Bromide Air-Mail Paper is similar to the lustre varieties 
of ‘Kodak’ Bromide Paper, but is manufactured with a special, light- 
weight paper base suitable for transmission by air-mail, and for other 
purposes where a saving of space or weight is important. 


Safelighting: Handle and process these papers by the direct or indirect 
light from a safelamp fitted with a ‘Wratten’ Series 0B (amber-yellow) 
safelight filter and a 25-watt bulb. For general room illumination, use 
a ‘Kodak’ Bromide Sodium Safelamp. Further details on safelighting 
are given in Data Sheet RF-2. 


Development: Any bromide-paper developer can be used, but for best 
results the following ‘Kodak’ developers are recommended. 


DPC Developer for normal results. 


D-163 Developer 
Universal Developer 


D-163 Developer (with ‘Kodak’ 32°C (75° and 90°F), or for colder 


DA-163 Developer for development between 24° and 
Anti-Fog Powder) tones if used at normal temperatures. 


Soft-Gradation Developer for lower contrast with any grade of 
D-165 Developer paper than is possible with D-163. 


The following table gives the times for dish development at various 
temperatures, with continuous agitation. Preferably develop with a 
solution temperature of 20°C (68°F); normally, it should be between 
18° and 24°C (65° and 75°F). 
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DEVELOPING TIME AT: 


DEVELOPER DILUTION 


I8C 20 C 22 C 24°C 
(65°F) (68 F) (72°F) (75°F) 
D-163*¢. 2 2 2. |) 
DA-163*¢ 2. 2 2. 2; $ 143 
D-163 with K.A.F.£§ | J ( 13-4 min | 14-3 min | 70-135 sec | 60-110 sec 
Universal* . : 1+7 |) 
DPc* : 1+9 13-25 min | 14-2 min | 70-90 sec | 60-75 sec 
een oe } 143 4min | 3min | 135sec | 110 sec 
* Available as a ‘Kodak’ Packed Developer Powder. For formulae of D-163, DA-163, and D-165, 


see Data Sheet FY-2. 
t Available as a ‘Kodak’ Liquid Developer. 


t Developers for use at temperatures up to 32 C (90 F). At temperatures above 24 C (75°F), reduce 
the print exposure time as necessary to secure development for at least | minute. 


§ Add a solution of ‘Kodak’ Anti-Fog Powder, made up as instructed, at the rate of 4 fl oz per 80 fl oz of 
working-strength solution (6 cc per 1000 cc). For smaller quantities of developer, dilute the Anti- 
Fog solution | +3 and add at the rate of 4 fl oz per 20 fl oz (12 cc per 500 cc). 

Stop bath: Rinse the prints in a solution of ‘Kodak’ Liquid Stop Bath 

with Indicator, a solution made up according to Kodak formula SB-1 

(see Data Sheet FY-4), or in running water at 18°-24°C (65°-75°F). 


Fixing: Fix the prints at 18°-24°C (65°-75°F) in one of the following 
‘Kodak’ fixers—‘Kodafix’ Solution, ‘Unifix’ Powder, or a solution made 
up according to Kodak formula F-5 or F-6 (see Data Sheet FY-4). Keep 
prints moving in the fixing bath for the first few seconds. 

For the best results and the most efficient fixing, use two successive 
fixing baths. Fix for 3-5 minutes in each bath and drain back into each for 
5 seconds. Discard the first bath when it has fixed 20000 square inches 
of paper (e.g., 250 8x 10-inch prints) per gallon, or 29000 square centi- 
metres of paper (e.g., 67 18x 24-centimetre prints) per 1000 cc. Re- 
place it with the second bath and make up a fresh second bath. After 
5 such changes, discard both baths. 

If a single fixing bath is used, fix for 5-10 minutes with frequent 
agitation, and discard the bath when it has fixed 10000 square inches 
of paper (e.g., 125 8x 10-inch prints) per gallon, or 14500 square centi- 
metres of paper (e.g., 33 18x 24-centimetre prints) per 1000 cc. 

For quick and efficient washing, thorough fixing is essential: it is for 
this reason that the two-bath fixing technique is recommended. 


Washing: Use ‘Kodak’ Hypo-Clearing Agent, according to the instruc- 
tions, to reduce the washing time and to ensure a high degree of print 
permanence. This is especially recommended where a cold or limited 
water-supply is available. 

Prints which have not been treated with Hypo-Clearing Agent should 
be washed by being agitated in a rapid flow of water at 18°-24°C (65°-75°F) 
for at least the following times: 


single-weight or light-weight prints 30 minutes. 
double-weight prints 45 minutes. 
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Alternatively, soak the prints for 5 minutes in each of several complete 
changes of water—6 for single-weight or light-weight and 9 for double- 
weight. At lower temperatures, or with less efficient washing equipment, 
the times may have to be increased considerably. Washing temperatures 
are not critical, but do not wash prints for too long at higher temperatures. 
Also, do not allow prints to soak for hours at any temperature. The 
above washing times can be halved where a lower degree of permanence 
is acceptable; but any glazing-machine belts or drier cloths in contact 
with such prints may, after a time, become contaminated with hypo. 


In some areas, soft water, or supplies contaminated by peat, mineral 
salts, etc., may cause overall discoloration or lack of brilliance in the 
prints; this may be aggravated by using a hardening fixer. To counter- 
act this, use a non-hardening fixer, such as Kodak ‘Metafix’ Powder or 
‘Kodak’ AM-33 Rapid Liquid Fixer (without AM-33H Hardening 
Additive). Ifa hardening fixer, e.g., ‘Kodafix’ Solution, ‘Unifix’ Powder, 
or Kodak formula F-5 or F-6, must be used as a prerequisite to hot- 
weather glazing, use Hypo-Clearing Agent to keep the washing time to 
a minimum. 


Full details of the recommendations necessary to ensure archival 
permanence are given in Data Sheet RF-6. 


Rinsing: To promote rapid and even drying, rinse the prints for about 
30 seconds in Kodak ‘Photo-Flo’ Solution (at the dilution recommended); 
this is especially recommended before hot glazing. 


Drying or glazing: The prints may be dried on a rotary drier, or dried 
face-downwards on absorbent material such as muslin, cheese-cloth, or 
‘Fotonic’ Photographic (blotting) Paper, or hung up with suitable clips. 
The glossy varieties of ‘Kodak’ Bromide Paper, and ‘Kodak’ Press F 
Bromide Paper may be hot-glazed or cold-glazed by any of the usual 
methods. 


The characteristics of the paper given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
METAFIX 
PHOTO-FLO 
UNIFIX 
WRATTEN 
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KODAK ‘BROMESKO’ PAPER 


General properties and uses: ‘Bromesko’ is a chloro-bromide type of 
photographic paper of the same order of speed as ‘Kodak’ Bromide Paper 
and is, therefore, suitable for both projection and contact printing. It 
will give warm to cold image tones by direct development in different 
developers, as indicated in the relevant section below. However, it 
normally produces slightly warmer image tones than bromide paper. 

This paper is available in a wide variety of surfaces, base tints, and 
thicknesses, to suit technical and many other purposes; all varieties are 
available in three grades of contrast. The white glossy varieties, which 
are of most interest to the technical and applied photographer, have a very 
long exposure scale and are capable of giving an extended density scale 
and a high resolution. They are suitable for the production of mono- 
chrome prints from colour negatives when exact colour rendering is 
not required, i.e., for assessing pose or expression, or for deciding the 
trimming. 

Further details concerning the different varieties are given in the Kodak 
Professional Catalogue. 


Exposure scales: The approximate ranges of image densities (arithmetical) 
which the different contrast grades of Kodak ‘Bromesko’ Paper will record 
are given below :— 


Grade 1 (soft) . . .. . . 30:1 
Grade 2 (normal) . .... 15:1 
Grade 3 (hard) . . . . . . 75:1 


Safelighting: This paper should be handled by the direct or indirect 
light from a safelamp fitted with a ‘Wratten’ 0B Series (amber-yellow) 
safelight filter and a 25-watt bulb. For general room illumination, the 
use of a ‘Kodak’ Bromide Sodium Safelamp is recommended. Further 
details on safelighting are given in Data Sheet RF-2. 


Development: Any bromide-paper developer may be used, but the 
following ‘Kodak’ developers are recommended—D-163 Developer, 
DPC Developer, and Universal Developer. When used at the recom- 
mended dilutions and developing times, these developers will give 
normal warm-black image tones. With certain precautions, the use of 
DA-163 Developer, or D-163 with the addition of ‘Kodak’ Anti-Fog 
Powder, allows development between 24° and 32°C (75° and 90°F)—see 
Data Sheet GN-5—but at normal temperatures with the times shown, 
they may be used for producing colder tones than D-163 Developer. 
Soft-Gradation Developer produces somewhat lower than normal con- 
trast; where rather warm tones are required, ‘Royal-Bromesko’ Developer 
is recommended. 

The following table gives the times for dish development at various 
temperatures, with continuous agitation. Development should be under- 
taken, preferably, with a solution temperature of 20°C (68°F); normally, 
it should be between 18° and 24°C (65° and 75°F). 
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DEVELOPING TIME AT: 


DEVELOPER DILUTION |—————___"""""{"{#{#{_E 
18°C 20°C 22°C 244°C 
(65°F) (68°F) (72°F) (75°F) 
D-l63*f 2. 2 ww 1) 
DA-163* -{> +3 13-4 min | 14-3 min | 70-135 sec | 60-110 sec 


D-163 with KAFt . | J 


DPc* . ..... 1+9 

Universal*. . 2... 1+7 3-24 min | 14-2 min | 70-90 sec | 60-75 sec 
“‘Royal-Bromesko’* . [+9 

Soft-Gradation . . . +3 4 min 3 min 135 sec 110 sec 





* Available as a ‘Kodak’ Packed Developer Powder. For formulae of D-163 and DA-163 see Data Sheet FY-2. 

t Available as a ‘Kodak’ Liquid Developer. 

t Add a solution of ‘Kodak’ Anti-Fog Powder, made up as instructed, at the rate of 5 fl oz per 80 fl oz 
of working-strength solution (6cc per 1000 cc). Forsmaller quantities of developer, dilute the Anti-Fog 
solution |+3 and add at the rate of + fl oz per 20 fl oz (12 cc per 500 cc). 


Fixing: The prints should be rinsed in a solution of ‘Kodak’ Liquid Stop 
Bath with Indicator, a solution made up according to Kodak formula 
SB-1 (see Data Sheet FY-4), or in running water, and fixed at a tempera- 
ture of 18°-24°C (65°-75°F). The following ‘Kodak’ fixers are recom- 
mended—‘Kodafix’ Solution, ‘Unifix’ Powder, or a solution made up 
according to Kodak formula F-5 or F-6 (see Data Sheet FY-4). The 
preferred practice is the use of two successive fixing baths, fixing for 3-5 
minutes in each, and draining back into each bath for 5 seconds. The 
first bath should be discarded when it has fixed 20000 square inches of 
paper per gallon (29000 square centimetres per 1000 cc). It should be 
replaced with the second bath and a fresh second bath made up. After 
5 such changes, both baths should be discarded. 

If a single fixing bath is used, up to 10000 square inches per gallon 
(14500 square centimetres per 1000 cc) may be fixed, giving a time of 
5-10 minutes and frequent agitation. 

For quick and efficient washing, thorough fixing is essential: it is for 
this reason that the two-bath fixing technique is recommended. 


Washing: The use of ‘Kodak’ Hypo-Clearing Agent, according to the 
instructions on the label, will allow reduced washing times and a high 
degree of print permanence. This is specially recommended where a 
cold or limited supply of water is available. 

Papers which have not been treated in Hypo-Clearing Agent should 
be washed by being agitated in a rapid flow of water at 18°-24°C (65°-75°F) 
for the following times :-— 

single-weight prints 30 minutes 
double-weight prints 45 minutes 


Alternatively, the prints can be soaked for 5 minutes in each of several 
complete changes of water—6 for single-weight, and 9 for double-weight. 
At lower temperatures, or with less efficient washing equipment, the 
times may have to be increased considerably. Washing temperatures are 
not critical, but at higher temperatures prints should not be washed for 
too long. Prints should not be allowed to soak for hours at any temp- 
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erature. The above washing times may be halved where a lower degree 
of print permanence is acceptable; but any glazing-machine belts or drier 
cloths in contact with such prints may, after a time, become contaminated 
with hypo. 


In some areas, soft water, or supplies contaminated by peat, mineral 
salts, etc., may cause an overall discoloration or lack of brilliance in the 
prints; this may be aggravated by the use of a hardening fixer. To 
counteract this, a non-hardening fixer, for example, Kodak ‘Metafix’ 
Powder or ‘Kodak’ AM-33 Rapid Liquid Fixer (without AM-33H 
Hardening Additive), should be used. If a hardening fixer, for example, 
*Kodafix’ Solution, ‘Unifix’ Powder, or Kodak formula F-5 or F-6, must 
be used as a prerequisite to hot-weather glazing, the use of Hypo-Clearing 
Agent is recommended to keep the washing time to a minimum. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


Drying or glazing: The prints may be dried on a rotary drier, or dried face- 
downwards on absorbent material such as muslin, cheese-cloth, or 
Fotonic Photographic (blotting) Paper, or hung up with suitable clips. 
The glossy variety may be hot-glazed or cold-glazed by any of the usual 
methods. With prints intended for glazing, it is recommended that a 
final rinse be given in Kodak ‘Photo-Flo’ solution, at the dilution recom- 
mended, for approximately 30 seconds; this treatment is an advantage, 
also, with other means of drying. 


The characteristics of the paper given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
BROMESKO 
WRATTEN 
PHOTO-FLO 
METAFIX 
UNIFIX 
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KODAK ‘ROYAL-BROMESKO’ PAPER 


General properties and uses: ‘Royal-Bromesko’ is an enlarging paper 
having similar characteristics to Kodak ‘Bromesko’ Paper, but it has a 
slightly lower printing speed and yields an image of warmer tone. 


This paper is available in a wide variety of surfaces, base tints, and 
thicknesses, to suit technical and many other purposes. Untinted papers 
are supplied on a special base which gives maximum brilliance. The 
glossy and smooth lustre varieties are available in five grades of contrast, 
and the other surfaces in three grades. Further details concerning the 
different varieties are given in the Kodak Professional Catalogue. 





Safelighting: This paper should be handled by the direct or indirect 
light from a safelamp fitted with a ‘Wratten’ Series 0B (amber-yellow) 
safelight filter and a 25-watt bulb. For general room illumination, the 
use of a ‘Kodak’ Bromide Sodium Safelamp is recommended. Further 
details on safelighting are given in Data Sheet RF-2. 


Development: Any bromide-paper developer may be used but the 
following ‘Kodak’ developers are recommended—‘Royal-Bromesko’ 
Developer, which is designed to give the maximum warmth of image 
tone with this paper, and D-163 Developer, which gives colder tones. 
With certain precautions, the use of DA-163 Developer, or D-163 with 
the addition of ‘Kodak’ Anti-Fog Powder, allows development between 
24° and 32°C (75° and 90°F)—see Data Sheet GN-5—but at normal 
temperatures with the times shown, they may be used for producing 
colder tones than D-163 Developer. Where lower than normal contrast 
is required, Soft-Gradation Developer is suitable. 


The following table gives the times for dish development at various 
temperatures, with continuous agitation. Development should be under- 
taken, preferably, with a solution temperature of 20°C (68°F); normally, 
it should be between 18° and 24°C (65° and 75°F). 


DEVELOPING TIME AT: 


DEVELOPER DILUTION |—,->,-WT_!_,—WT__ 7 
18°C 20°C 22°C 24°C 
(65°F) (68°F) (72°F) (75°F) 
‘Royal-Bromesko’* .. 1+9 13-24 min | 14-2 min | 75-100 sec | 65-90 sec 
D-163*f Seen ace 
DA-163* . . 2. . 1+3 3-24 min | 13-2 min | 70-90 sec | 55-75 sec 
D-163 with K.A.F.t 


Soft-Gradation* . . . 1+3 4 min 3 min 135 sec 110 sec 


* Available as a ‘Kodak’ Packed Developer Powder. For formulae of D-163 and DA-163 see Data Sheet FY-2 

t Available as a ‘Kodak’ Liquid Developer. 

+ Add a solution of ‘Kodak’ Anti-Fog Powder, made up as instructed, at the rate of 3 fl oz per 80 fl oz 
of working-strength solution (6 cc per 1000 cc). For smaller quantities of developer, dilute the Anti- 
Fog solution | +3 and add at the rate of + fl oz per 20 fl oz (12 cc per 500 cc). 
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Fixing: The prints should be rinsed in a solution of ‘Kodak’ Liquid Stop 
Bath with Indicator, a solution made up according to Kodak formula 
SB-1 (see Data Sheet FY-4), or in running water, and fixed at a tempera- 
ture of 18°-24°C (65°-75°F). The following ‘Kodak’ fixers are recom- 
mended—‘Kodafix’ Solution, ‘Unifix’ Powder, or a solution made up 
according to Kodak formula F-5 or F-6 (see Data Sheet FY-4). The 
preferred practice is the use of two successive fixing baths, fixing for 3-5 
minutes in each, and draining back into each bath for 5 seconds. The 
first bath should be discarded when it has fixed 20000 square inches of 
paper per gallon (29000 square centimetres per 1000 cc). It should be 
replaced with the second bath and a fresh second bath made up. After 5 
such changes, both baths should be discarded. 


If a single fixing bath is used, up to 10000 square inches per gallon 
(14500 square centimetres per 1000 cc) may be fixed, giving a time of 5-10 
minutes and frequent agitation. 


For quick and efficient washing, thorough fixing is essential: it is for this 
reason that the two-bath fixing technique is recommended. 


Washing: The use of ‘Kodak’ Hypo-Clearing Agent, according to the 
instructions on the label, will allow reduced washing times and a high 
degree of print permanence. This is specially recommended where a 
cold or limited supply of water is available. 


Papers which have not been treated in Hypo-Clearing Agent should 
be washed by being agitated in a rapid flow of water at 18°-24°C (65°-75°F) 
for the following times :— 


single-weight prints 30 minutes 
double-weight prints 45 minutes 


Alternatively, the prints can be soaked for 5 minutes in each of several 
complete changes of water—6 for single-weight, and 9 for double-weight. 
At lower temperatures, or with less efficient washing equipment, the 
times may have to be increased considerably. Washing temperatures are 
not critical, but at higher temperatures prints should not be washed for 
too long. Prints should not be allowed to soak for hours at any tempera- 
ture. The above washing times may be halved where a lower degree of 
print permanence is acceptable; but any glazing-machine belts or drier 
cloths in contact with such prints may, after a time, become contaminated 
with hypo. 


In some areas soft water, or supplies contaminated by peat, mineral 
salts, etc., may cause an overall discoloration or lack of brilliance in the 
prints; this may be aggravated by the use of a hardening fixer. To 
counteract this, a non-hardening fixer, for example, Kodak ‘Metafix’ 
Powder or ‘Kodak’ AM-33 Rapid Liquid Fixer (without AM-33H 
Hardening Additive), should be used. If a hardening fixer, for example, 
*Kodafix’ Solution, ‘Unifix’ Powder, or Kodak formula F-5 or F-6, must 
be used as a prerequisite to hot-weather glazing, the use of Hypo-Clearing 
Agent is recommended to keep the washing time to a minimum. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 
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Drying or glazing: The prints may be dried on a rotary drier, or dried 
face-downwards on absorbent material such as muslin, cheese-cloth, or 
Fotonic Photographic (blotting) Paper, or hung up with suitable clips. 
The glossy variety may be hot-glazed or cold-glazed by any of the usual 
methods. With prints intended for glazing, it is recommended that a 
final rinse be given in Kodak ‘Photo-Flo’ Solution, at the dilution recom- 
mended, for approximately 30 seconds; this treatment is an advantage, 
also, with other means of drying. 


The characteristics of the paper given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
BROMESKO 
PHOTO-FLO 
ROYAL-BROMESKO 
WRATTEN 
METAFIX 

UNIFIX 
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KODAK ‘VELOX’ PAPER 


General properties and uses: ‘Velox’ is a silver chloride paper made 
specifically for contact printing. The image tone can be either blue- 
black or neutral-black on white-base, or warm-black on cream-base papers, 
and is constant through all degrees of contrast and over a wide range of 
development times. The five contrast grades enable prints to be made 
from negatives of widely differing contrast. 

Further details concerning the different varieties available are given 
in the Kodak Professional Catalogue. 


Safelight recommended: Indirect or direct lighting: ‘Wratten’ Safelight 
Filter Series 00 (yellow) or the Kodak ‘Velox’ Sodium Safelamp. 


Exposure: Times of exposure in printing boxes should be found by trial. 
In a printing frame, with an average negative, a time of 2-8 seconds at 
8 inches from a 40-watt bulb, may be found suitable. 


Development: The following Kodak developers are recommended. All 
times given are for development at a temperature of 68°F (20°C). The 
exposed sheet of paper should be plunged beneath the surface of the 
developer so that it is covered in one sweep. 


‘Velox’ Developer* or D-158 Developer t 


For blue-black tones on white-base papers, with a short development 
time, dilute 1 part with | part of water, and develop for 60 seconds, but 
this time may be reduced to 40 seconds or increased to 90 seconds if 
required. 


‘Kodak’ D-163 Developer* ft 


For neutral-black tones on white-base papers, dilute ] part with 1 part 
of water, and develop for 60-90 seconds. Alternatively, dilute 1 part 
with 3 parts of water, and develop for 75-120 seconds. 

For cold-black tones on white-base papers, take 1 part of developer, 
add a solution made up from ‘Kodak’ Anti-Fog Powder in the proportion 
of 1-4 ounce to every 10 ounces (2°5-5 cc to every 100 cc), and dilute 
with a quantity of water equal to the original quantity of developer. 
Develop for 60-120 seconds. 

For warm-black tones on cream-base papers, dilute 1 part with 1 part 
of water, and develop for 60-90 seconds. For warmer tones, dilute 1 part 
with 3 parts of water, and develop for 75-120 seconds. 


* Available as a ‘Kodak’ Packed Developer. 
+ For formula see Data Sheet FY-2. 
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Characteristic curves: The following curves show the general shape and 
slope obtained for the five contrast grades of ‘Velox’ Paper. The curves 
are spaced along the log. E axis to show each curve independently, as the 
correct spacing would cause overlapping. They should not, therefore, 
be used to assess the relative speeds of individual contrast grades. 


2-0 


Density 


0 Relative Log. Exposure 


Characteristic curves for Kodak ‘Velox’ Paper developed in Kodak ‘Velox’ 
Developer at 68°F (20°C) 


Exposure scales: The approximate range of image densities (arithmetical) 
which the different contrast grades of Kodak ‘Velox’ Paper will record 
are given below:— 


Grade 0 (extrasoft) . . . . 80:1 
Grade 1 (soft) . ote a ee 208 
Grade 2 (normal) . .. . . 10:1 
Grade 3 (hard) . . .... 5:1 
Grade 4 (extrahard) . . . . 2°5:1 


Fixing: The prints should be rinsed in a solution of ‘Kodak’ Liquid 
Stop Bath with Indicator, and fixed at a temperature of 65°-70°F (18°- 
21°C) in a solution of ‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ 
Acid Fixer Powder, a solution made up according to Kodak formula F-52 
or F-54 (for formulae see Data Sheet FY-4, or, for more rapid fixing, 
‘Kodafix’ Solution. The preferred practice is the use of two successive 
fixing baths, fixing for 3-5 minutes in each, and draining back into each 
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bath for 5 seconds. The first bath should be discarded when it has 
fixed 20,000 square inches of paper per gallon (29,000 square centimetres 
per litre). It should be replaced with the second bath and a fresh second 
bath made up. 

If a single fixing bath is used, up to 10,000 square inches per gallon 
(14,500 square centimetres per litre) may be fixed, giving a time of 5-10 
minutes and frequent agitation. 

For quick and efficient washing, thorough fixing is essential: it is for 
this reason that the two-bath fixing technique is recommended. 


Washing: For normal requirements of print life, prints should be washed 
for 30 minutes at 60°-70°F (16°-21°C), being well agitated by a rapid 
flow of water. Alternatively, the prints can be soaked for 5 minutes in 
each of 6 complete changes of water. At lower temperatures, or with 
less efficient washing equipment, the times may have to be considerably 
increased. 

Where a lower degree of permanence is acceptable, the above washing 
times may be halved; but any glazing-machine belts or drier cloths in 
contact with such prints may, after a time, become contaminated with 
hypo. 

For making prints of archival permanence reference should be made to 
Data Sheet RF-6. 


Drying or glazing: The prints may be dried on a rotary drier, or dried 
face-downwards on absorbent material such as muslin, cheese-cloth, or 
Fotonic Photographic (blotting) Paper, or hung up with suitable clips. 
The glossy varieties of ‘Velox’ Paper may be hot-glazed or cold-glazed 
by any of the usual methods. With prints intended for glazing, it is 
recommended that a final rinse be given in Kodak ‘Photo-Flo’ Solution, 
in the dilution recommended, for approximately 30 seconds; this treat- 
ment is an advantage, also, with other means of drying. 


The characteristics of the paper given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
VELOX 
WRATTEN 
PHOTO-FLO 


KODAK LIMITED LONDON 
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KODAK ‘EKTACOLOR’ PAPERS 


General properties and uses: ‘Ektacolor’ Paper and ‘Ektacolor’ Com- 
mercial Paper are both designed for making colour prints from colour 
negatives such as those made on ‘Ektacolor’ Professional Films (Data 
Sheet FM-3), ‘Ektacolor’ Internegative Film (Data Sheet FM-3B), and 
‘Kodacolor-X’ Film (Data Sheet FM-4A). The characteristics of 
‘Ektacolor’ Paper make it particularly suitable for photo-finishing work. 
‘Ektacolor’ Commercial Paper is similar but it has improved colour 
rendering and brighter whites. It is suitable for commercial and in- 
dustrial photography and it can be processed in under 8 minutes using the 
‘Kodak’ Rapid Colour Processors, see page 7. 


Safelighting: These papers are sensitive to light of all colours. However, 
they can be handled for a limited time (not more than 4 minutes) by the 
direct or indirect light from a safelamp fitted with a ‘Wratten’ Series 10H 
(dark amber) safelight filter and a 25-watt bulb. Under these conditions, 
the paper should not be brought closer than 4 feet from the safelamp or 
reflecting surface. 


Storage of unprocessed paper: High temperatures or high relative 
humidities may produce undesirable changes in ‘Ektacolor’ papers. 
They should be protected from heat by storing at 10°C (50°F) or lower, 
preferably in a refrigerator. Keeping effects can be eliminated almost 
completely for long periods by actually freezing the paper, in its sealed 
package, in a freezing unit operating at —18° to —23°C (0° to — 10°F). 
To avoid moisture condensing on the cold surfaces of the paper, packages 
removed from cold storage should be allowed several hours to warm up 
before being opened. 


These papers are supplied in sealed laminated-foil envelopes which 
protect them against excessive relative humidity until the packages are 
opened. Provided the residual air is expelled and the opened end is 
properly folded, the envelope will give reasonable protection after the 
packet has been opened. 

For critical use and the most consistent results, the time interval between 
exposure and processing should be kept as nearly uniform as possible. Most 
of the changes in the latent image occur during the first four hours after 
exposure, and the most noticeable effect is a change in colour-balance, 
usually towards yellow. Therefore, if a large number of prints is to be 
made from the same negative, the test print and, later, the production 
prints should be stored at room temperature for four hours after exposure. 
At the end of this stabilizing period, the paper should either be processed, 
or put in a laminated-foil envelope and stored in a refrigerator—preferably 
at 2°C (35°F) or lower—until it can be processed. 

The problem of storing unprocessed colour paper is discussed fully 
in Data Sheet CL-4, “‘The Storage of Colour Materials”’. 


Equipment: Exposures can be made either by contact or projection 
using a tungsten lamp as the light-source; the use of fluorescent tubes is 
not recommended. The exposing equipment must always be provided 
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with a suitable ultra-violet absorbing filter—the ‘Kodak’ CP 2B Filter or 
the ‘Wratten’ Filter No. 2B is recommended—unless the tri-colour 
exposure method (see page 5) is used, when no ultra-violet absorbing 
filter is required. With all enlargers and printers, a heat-absorbing 
glass between the lamp and filters is necessary. 


Some form of voltage-stabilizing control is desirable; a variable re- 
sistance and voltmeter in circuit with the lamp may be sufficient, but 
a constant-voltage transformer is necessary for large-scale production. 
A reliable timer is also required so that results will be reproducible. 


The exposing equipment must be fitted with some means of holding 
several filters in the exposing light beam for the adjustment of colour 
balance. With an enlarger having a means of holding filters between the 
light-source and the colour negative, it is recommended that ‘Kodak’ 
Colour-Printing Filters (CP filters) be used as giving results of the 
highest colour quality: they do not need to be of special optical quality, 
because in this position they can have no effect on the definition of the 
print. ‘Kodak’ Colour-Compensating Filters (CC filters) should be 
used if the filters must be placed between the colour negative and the 
printing paper, e.g., immediately above, within, or below the lens, but 
they may also be used between the light-source and the negative, and 
this position is preferred if there is a choice. 


Further information concerning equipment may be found in the 
booklet “‘Equipment for Colour Print Making” which is available on 
application. 


CP filters: The CP filters are available in cyan, magenta, and yellow in 
nominal density values of 0-025, 0-05, 0-10, 0-20, 0-30, 0°40, and 0-50. 
To ensure greater accuracy in colour printing, each of the nominal values 
CP 40 and CP 50 are sub-divided into three groups of actual values—the 
groups are 374, 40, and 423 for the CP 40 filters, and 474, 50, and 523 for 
the CP 50 filters. Both nominal and actual values are marked on the 
filter packets, and a CP 025 filter can be used for making up to the desired 
value. For example, a filter of actual value CP 374 can be made up to 
the actual value of a CP 40 filter by the addition of a CP 025 filter of the 
same colour. The resulting combination will have exactly the same 
effect on colour balance as one actual-value CP 40 filter, but the combin- 
ation will have a slightly greater filter factor as two filters are involved 
and not one. 


Whenever the filter or combination of filters is changed, allowance 
must be made in the printing exposure for changes either in the filtering 
action or in the total number of filters, or both. The following table 
provides a simple method of determining approximate exposure adjust- 
ments. The filter factors given include allowance for the loss of light 
caused by reflections from the filter surfaces and for the inherent density 
of the material used as a carrier for the filter dyes. To use the filter 
factors, the old exposure time should be divided by the filter factor of 
any filter removed from the combination, and the result then multiplied 
by the filter factor for the new filter to be used. When two or more filters 
are to be removed or added, the individual filter factors should be multi- 
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plied together before dividing or multiplying, respectively, the old exposure 
time, as above. 





FACTORS FOR CP FILTERS 


Filter Filter Factor Filter Filter Factor Filter Filter Factor 
CP 025Y 1-2 CP 025M 1-2 CP 025C 1-2 
CP O5Y 1-2 CP 05M 1-2 CP 05C 1-2 
CP I0Y 1-2 CP 10M 1-3 CP 10C 1-3 
CP 20Y 1-2 CP 20M 1-4 CP 20C 1-4 
CP 30Y 1-2 CP 30M 1-6 CP 30C 1-5 
CP 374Y 1-2 CP 374M 1-8 CP 374C 1-6 
CP 40Y 1-2 CP 40M 1-8 CP 40C 1-6 
CP 424Y 1-2 CP 424M 1-8 CP 42$C 1-6 
CP 47LY 1-2 CP 474M 2:0 CP 47£C 1-7 
CP SOY 1-2 CP 50M 2:0 CP 50C 1-7 
CP 524Y 1-2 CP 524M 2:0 CP 524C 1-7 





These filters are similar to the CC filters, described below, but have 
improved transmission characteristics so that better neutrality is achieved 
when similar nominal values of cyan, magenta, and yellow filters are 
combined. CP filters are not supplied in red, green, or blue; these 
colours can be obtained by using appropriate combinations of cyan, 
magenta, and yellow filters. As these filters are used above the negative, 
the number of filters used is not important, but it is advisable to eliminate 
any avoidable neutral density from the filter combination. 


In some cases, incomplete absorption of infra-red radiation by the 
optical system of the enlarger or printer may cause difficulties when 
printing through filter packs containing high values of cyan filtration. 
A new range of CP Cyan filters which counteracts these difficulties is 
being introduced; they will be differentiated from the filters described 
above by the suffix “‘—2”’, e.g., CP50C-—2. 


CC filters: The filter factors given in the table below should be used in 
the same manner as described in the last paragraph on page 2. 





FACTORS FOR CC FILTERS 


Filter Filter Factor Filter Filter Factor Filter Filter Factor 
CC OSY 7 05M 7 cc 05C I-l 
cc 10Y : 10M : cc 10C 1-2 
CC 20Y . 20M ‘ cc 20C 1-3 
CC 30Y 30M 7 CC 30C 1-4 
CC 40Y : 40M . Cc 40C 1-5 
cc S50Y : 50M , cc 50C 1-6 
CC OSR : 05G : CC 05B I-l 
cc IOR : 10G : Cc 10B 1-3 
CC 20R : 20G : CC 20B ) 
CC 30R : 30G . CC 30B 2:0 
CC 40R o 40G : CC 40B 2°4 
CC 50R : : CC 50B 29 
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Data Sheet CL-13 contains a nomogram which provides a simple 
means of estimating the adjustment of exposure time necessitated by a 
change in the filter combination. 


Exposure: Prints can be made either with a single exposure using CP or 
CC filters for adjusting the colour balance, or by giving three successive 
exposures through narrow-cut colour-separation filters as described later 
in this section. However, as a complete description of the techniques of 
colour printing is outside the scope of this Data Sheet, only brief details of 
these two methods are given. Details of the literature available on colour 
printing may be obtained on application to Kodak Limited, Kingsway, 
London, W.C.2., England. 


The negatives, filters, and the optical system of the exposing equipment 
must be kept clean and dust-free, and the negatives must be masked to 
eliminate stray light. 


Either the usual type of test strip can be used to determine the exposure 
or contact-size test prints of several negatives can be made simultaneously. 
When using an enlarger for the latter method, it must be set to the magni- 
fication required for the final enlargements. A sheet of colour paper 
should then be placed in its normal position on the enlarger baseboard, 
the negatives placed in contact with it, and the whole covered by a sheet of 
clear glass, to ensure reasonable contact. 


As in monochrome enlarging, it is possible to dodge or print-in an 
area of the picture, without affecting the colour balance. But further, the 
use of filters as aids of dodging or printing-in permits deliberate changes 
in colour balance to be made locally when required. 


Single-exposure Method : A test exposure should first be made with only 
a CP 2B or No. 2B filter in the light beam, though experience may sub- 
sequently suggest an appropriate selection of CP or CC filters to be used 
for the first test print. Adjustment of the colour balance to that required 
will then be more slight and easier to determine. 


The first print, after being processed and dried, should be viewed under 
the lighting conditions approximating to those which will be used for the 
final prints. In cases of urgency, the prints can be viewed while they are 
still wet, but the dry print will appear slightly warmer than it did while it 
was wet. ‘Ektacolor? Commercial Paper can be judged whilst wet more 
easily than can ‘Ektacolor’ Paper. If the colour balance of the print is 
not as required, the correction necessary may be judged by viewing the 
test print through various CP or CC filters until the required colour 
balance is attained. Such viewing filters will, of course, be complement- 
ary in colour to the colour which is present in excess in the print. How- 
ever, the filters to be put in the exposing light-beam should be of the same 
colour as that which was present in excess in the print (i.e., complementary 
to the viewing filters). The printing filters should also be of half the 
density value of the viewing filters, since the effect of a given filter on the 
colour balance of the print is much greater than its effect on the eye. For 
a given change in exposure or filtration, however, a slightly greater effect 
will be produced on ‘Ektacolor’ Commercial Paper than on ‘Ektacolor’ 
Paper, owing to the higher contrast of the former. The viewing filters 
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should not be held too near the print, as the light falling on it must not 
itself be filtered. These filters, however, will tinge the highlights ex- 
cessively and the shadows insufficiently, and their effect should be judged 
primarily on the middle tones. 

The following table may be useful in determining this visual assess- 
ment: 





IF COLOUR VIEW THROUGH EXPOSE THROUGH THESE 
BALANCE |S— THESE FILTERS— FILTERS— 
Yellow Magenta plus cyan (or Yellow 
the blue series of CC 
filters) 
Magenta Yellow plus cyan (or Magenta 
the green series of CC 
filters) 
Cyan Yellow plus magenta Cyan 
(or the red series of 
CC filters) 
Blue Yellow Magenta plus cyan (or the 


blue series of CC filters) 


Green Magenta Yellow plus cyan (or the 
green series of CC filters) 


Red Cyan Yellow plus magenta (or the 
red series of CC filters) 





The filter combination placed in the exposing light-beam should always 
be the simplest combination possible, i.e., the one which uses the fewest 
filters to produce the desired colour correction. This is especially 
important when printing by projection because it avoids impairing the 
image definition by consequent scattering of light. Furthermore, it is 
desirable to eliminate any avoidable neutral density, which unnecessarily 
increases exposures. Data Sheet CL-3 describes an easy procedure for 
simplifying filter combinations. 

If a large degree of colour correction is needed, a new series of trial 
exposures should be made before a full sheet of paper is exposed. On the 
other hand, when only a small degree of correction is needed, the colour 
balance of the final print can be predicted fairly accurately, and further 
test exposures may not be necessary. Nonetheless, any change in 
printing filters may necessitate a change in exposure. Either the ‘Kodak’ 
Colour Print Exposure Calculator or the information given in Data Sheet 
CL-13 will be found of value in assessing these changes. 

Tri-colour Exposure Method: The recommended ‘Wratten’ filters are 
the No. 70 (very deep red), No. 99 (deep green), and No. 98 (deep blue). 
Since each of these filters absorbs ultra-violet radiation, it is not necessary 
to use a CP 2B or No. 2B filter as in the previous method. 

This method requires a means of timing three different exposures 
without disturbing the position of the enlarger and the paper. Either an 
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accurate timer that can be read in the dark, or one that can be set in the 
dark for the proper intervals, will serve. 


With an enlarger having a tungsten light-source, and set to give an 
8x 10-inch enlargement from a 2} x 34-inch negative, it is suggested that 
red, green, and blue exposures of 15, 30, and 45 seconds, respectively, at 
f/8, be used as a basis for the test print. 


Exposures through the recommended colour-separation filters must be 
changed by a relative increase in the colour by which the print is off 
balance. For example, if the test print is too blue, correction can be 
made by increasing the blue-filter exposure relative to the green-filter 
and red-filter exposures. 


Change of paper batch: It is a characteristic of multi-layer colour 
materials that noticeable changes in results can be caused by manufactur- 
ing variations which are negligible with monochrome materials. Minor 
variations in speed, colour balance, and other characteristics are therefore 
unavoidable. The extent of these variations with ‘Ektacolor’ Commercial 
and ‘Ektacolor’ Papers is shown on the package label. It is given in the 
form of two sets of exposure factors and a speed factor; these are designed 
to help the user when changing from one batch of paper to another. 
However, it should be realized that because of differences in storage 
conditions, exposing lamps, processing methods, and other variables, the 
factors given are only approximations. The figures labelled ‘Filter 
Pack Adjustment” are used to modify the filter pack; the figure labelled 
‘Speed Factor’ represents the relative speed of the batch, enabling a new 
exposure time to be calculated. Only these figures apply to the single- 
exposure method, whilst the figures labelled “‘Arithmetical Factors” 
apply only to the tri-colour printing method. The filter-pack adjustment 
factors show the relative sensitivities of the blue-sensitive and green- 
sensitive emulsion layers against that of the red-sensitive emulsion 
layer, in terms of CP or CC filter units. Where the blue-sensitive or 
green-sensitive layer is slower than the red-sensitive layer, the factors will 
be shown as minus values. The Arithmetical Factors are inversely pro- 
portional to the speed of the paper; thus, the higher the Arithmetical 
Factor the slower the paper, and hence the longer the exposure time 
required. The label of ‘Ektacolor’ Paper in rolls for use in photo- 
finisher printing equipment carries only the Arithmetical Factors. 


Calculation of the values of filters for a new emulsion is not difficult; 
details are given in the instructions packed with the paper. The constant 
use of a standard negative, when changing paper batches, is strongly 
recommended as it simplifies the determination of the adjustment. The 
exposure factors for both types of paper are based on the same standard 
and may, therefore, be used when changing from one type to the other. 
They may also be used with the ‘Kodak’ Colour Enlargers; the method of 
use is described in the enlarger instruction book. 


Processing: Subject to the remarks made in the third paragraph of the 
section “‘Storage of unprocessed paper”, on page 1, these papers should be 
processed as soon as possible after exposure, so as to avoid any possible 
changes in the latent image which may be produced by such conditions as 
high temperature or high relative humidity. 
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Packed chemicals for preparing a complete set of processing solutions 
are available as ‘Kodak’ Colour Print Processing Chemicals, Process 
P-122, or as Kodak ‘Ektaprint’ C Chemicals; full processing instructions 
and directions for mixing are enclosed. 

NOTE: ‘Ektacolor’? Commercial Paper requires double the length of 
time in the P-122 or ‘Ektaprint’ C Bleach bath required by ‘Ektacolor’ 
Paper, i.e., 4 minutes instead of 2 minutes at 29-5°C (85°F). 

‘Ektacolor’ Commercial Paper can be processed in less than 8 minutes 
on a ‘Kodak’ Rapid Colour Processor using ‘Kodak’ Processing Chemicals 
CP-5. Apart from the reduction in processing time, this method offers 
extremely uniform processing and economy of solutions because only a 
small quantity of fresh solution is used for each print. Full details of 
these processors are available on application to the Industrial/Professional 
Sales Division of Kodak Limited at Kingsway, London, W.C.2, England. 

To obtain increased brightness and greater stability with ‘Ektacolor’ 
Paper, ‘Kodak’ Brightening Additive should be added, at the time of 
mixing, to the P-122 Formalin Fixer or to the ‘Ektaprint’ Formalin 
Fixer and Replenisher. Brightening Additive is not required with 
‘Ektacolor’ Commercial Paper. 


Viewing prints: All prints should be evaluated under illumination of the 
same colour quality as that under which the final print is to be viewed. 
If the level of illumination is too low, the prints will appear dark. If the 
illumination is too blue or too yellow, the prints will similarly appear too 
blue or too yellow. 


Mounting of prints: Prints made on these papers can be mounted satis- 
factorily with ‘Kodak’ Photographic Rapid Mounting Cement or ‘Ademco’ 
Dry-Mounting Tissue. When the tissue is used the temperature of 
the heating plate should be 90°-105°C (approximately 200°-220°F) and 
the cover sheet used over the face of the print should be pre-heated to 
remove moisture which might otherwise cause sticking. 

Prints should not be mounted with rubber solutions, or with 
pastes containing water or penetrating solvents. 

If prints are to be mounted behind glass, a slight separation should be 
maintained between the print surface and the glass. 


Storage of prints: Prolonged exposure to bright daylight, particularly 
direct sunlight, should be avioded; although the dyes used in ‘Ektacolor’ 
Papers are as stable as possible, consistent with other requirements, they 
may, like other dyes, change in time. Full information may be found in 
Data Sheet CL-4, ‘““The Storage of Colour Materials”’. 
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The following product names appearing 
in this Data Sheet are trade marks 
KODAK 
KODACOLOR-X 
EKTACOLOR 
EKTAPRINT 
WRATTEN 
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B.40 ‘KODAK’ FINE-GRAIN REGULAR PLATE 


General properties and uses: The B.40 is a medium-speed fine-grain plate 
of moderate contrast. It is used chiefly for making photogravure or other 
copy negatives and for photographing apparatus, indicators, and the dials 
of recording instruments. Its scientific uses include the recording of 
moving light spots from tungsten sources and the photomicrography of 
non-colour-differentiated specimens. 

The B.40 Plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to blue light only :— 


3638 40 42 44 46 48 50 52 S4 S6 SB 60 62 44 6 68 
UY. \ Blue | Green I Red 


Sensitivity Curve to Tungsten Light (3200 K) 





The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characterstic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the plate is used only for process and scientific 
work, in which the speed of the material depends on the conditions under 
which it is used, no figures can be given and exposures with any given 
apparatus must be found by trial. 


Development 


Time at 68°F (20°C) 
to produce gamma of: 
Purpose |Developer} Dilution | Agitation 


approx. | approx. | approx. | approx. 
0°8 1-0 1-5 2:0 





Normal | D-6la*| 143 | com. 


f 1+2 Con- 


tinuous 


3 min 4 min 


High “ypx 
contrast Bt Un- Con- 
diluted tinuous 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 


Any negative developer may be used, but the above-mentioned Kodak 
developers are recommended. Irrespective of whether a dish or a tank 
is used, the time should be taken in accordance with the agitation 
employed. 
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Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series OB (lime-yellow). 
Direct lighting: ‘Wratten’ Series | (red). 


Time-temperature curves 


Temperature (°F) 





2 3 4 5 
Time of Development (minutes) 


1S 20 30 40 


The developing times at various temperatures corresponding to 3 and 4 
minutes at 68°F are shown. Corresponding curves for other development 
times at 68°F can be drawn parallel to those shown. Best results are 
obtained between 65° and 70°F and development should not be carried 
out above 75°F without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener, or ‘Kodak’ Acid 
Fixer Powder, for twice the time taken to clear. Alternatively, a solution 
made up according to Kodak formula F-5 may be used for the same time 
(for formula see Data Sheet FY-4). 

Five minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negative or positive 
should be washed in running water in an efficient washing vessel for at 
least 15 minutes. 

Full details of the recommendations necessary to achieve archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution in 
the dilution recommended. 


The characteristics of the plate given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, and Photo-Flo are trade marks 
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0.800 ‘KODAK’ SUPER-SPEED ORTHO PLATE 


General properties and uses: 0.800 is the fastest orthochromatic plate of 
the ‘Kodak’ range, but has remarkably fine grain for its speed. It is used, 
when full colour sensitivity is not required, for high-speed general photo- 
graphy, press work, and the photography of interiors by daylight. Its 
technical applications include general stellar astronomy, spectrography, 
and clinical photography. 

This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet, blue, and green :— 


ee 


yea e haps bal Tae ke gee eee eC ere ae bangs * 


Blue Green Red Blue Green 
eerie ee to Tungsten Seay ‘aes to Mie 
Light (3200° K) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), 
or DIN (logarithmic) speeds, and apply for exposure by daylight; the 
figures in brackets apply for tungsten-light exposures (see Data Sheets 
RF-1 and SE-1). 










B.S./ASA (arithmetical) 





B.S. (logarithmic) DIN (logarithmic) 











250 (125) 35° (32°) 22 (14) 


Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be 
opened by about one stop. Within two hours of sunrise or sunset, the 
aperture should be opened by one or more stops further than the setting 
for the season. 
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DAYLIGHT EXPOSURES AT 1/200th or |/250th second 


Subject Bright or : Heavy Overcast 
Type *Hazy Sun ¢ Cloudy-bright or tOpen Shade 
Brilliant 2... f/32 f/16 f/\l 
Bright ... 2... f/22 F/I f/8 
Average ..... f/16 f/8 f/5°6 
Shaded... 1... f/ll f/5°6 f/4 





* Hazy sun is sufficient to cast a slight shadow of well-defined objects, such as posts, tree trunks, etc., 
while cloudy-bright is not. 


+ With side or back lighting, 4 stop more exposure should be given. With back-lit close-up subjects 
containing important shadow detail, the exposure increase may amount to | stop, depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Brilliant subjects : Coastal, marine, and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects : Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


NOTE: For subjects on light dry sand or snow, 1 stop less exposure 
should be given; for high-altitude snow scenes, 14 stops less. Use 
figures in table for snow scenes in winter in temperate latitudes. 


Tungsten-light exposures: The table opposite suggests approximate 
exposures for average subjects in a room or studio with a light ceiling, and 
light walls and furnishings. They are based on the use of two lamps, 
each being at the same distance from the subject and within 45° of the 
camera-subject axis. These recommendations give minimum exposure; 
for subjects of dark tone, the exposures may safely be doubled, and 
exposures will also vary to some extent according to the amount of light 
reflected from the ceiling, walls, and furnishings. This table, therefore, 
should be used as a basis for practical experiments. 
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TUNGSTEN-LIGHT EXPOSURES AT 1/25th or 1/30th second* 







Distance of lamps from subject (feet) at 


fi4 | f/4-5 | f/5°6 | f/6-3 | £/8 


Lighting 


Two No. | Photofloods in ‘Kodaflec- 


tor’ reflectors ........... 4 3 
Two No. 2 Photofloods in ‘Kodalite’ 
reflectors or two 275-watt reflector 
Photofloods ............ 5$ 43 
Two 500-watt reflector Photofloods . 8 64 
Two 500-watt (3200°K) floodlamps in 
‘Kodalite’ reflectors ........ 5 4 


* The recommendations in this table give minimum exposure; for subjects of dark tone, the exposures 
may safely be doubled. 


Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULB 






Class M Class FP 
















SHUTTER 
SPEED No. | No. 5 No.22 
PF.1 | AG.I | PF.5 PF.60 PF.100} PF.24 | PF.45 
Type | Type 5} "°° 











Open flash and up to 1/30th 
second... 2... 2.02. 





140 220 













1/50th or 1/60th second. . . . | 125* 200* 200 
1/l00th or 1/125th second. . . | I10* 180* 140 
1/200th or 1/250th second. . . | 90* 140* 100 


* With M-synchronization. 

Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak and suitable for use with diaphragm 
shutters with M-synchronization at shutter-speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 

Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of |/15th second or longer. 

Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 


Filters: Exposure factors given overleaf show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
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increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “‘Kodak Wratten Filters’’. 


Kodak ‘Wratten’ Filters 8(K2) | 9(K3) | IN (XI) | 15(G) 


Daylight factor . . . ee ge 4 4 5 
Tungsten factor. . . .... 2 3 24 








Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 2 
(dark red). 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but the 
following ‘Kodak’ developers are recommended. When using‘ Microdol-X’ 
Developer, the exposure given should be } stop more than normal. 
Irrespective of whether a dish or a tank is used, the time should be taken 
in accordance with the agitation employed. 









Time at 68°F (20°C) 
to produce gamma of: 
approx. | approx. | approx. 
Se a SN a es 
[+1 Continuous 
143 Intermittentt 








Purpose Developer Dilution Agitation 














7 min | 33 min _— 


Normal D-blax { 18 min | 9 min _ 













‘ F . Continuous —_ 13) min 8 min 
Pinespeain) | (O-76% Undiluted { Intermittentt _— 16 min} 10 min 
Extra- ; Continuous — —_ 13 min 
fine-grain |‘Microdol-X’* Undiluted { Intermittent} _ _ 16 min 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
+ Thorough agitation for 5 seconds at one-minute intervals. 


Sensitometric curves 


rT ro 
Mert tt Lett 
[re commnans|| 
Fisr {iene 
SE bas os 
co 


| 
12 14 «16 «18 = =20 
Development Time (min) 





Relative Log. Exposure 0 1-0 20 3-0 4 


Characteristic curves for ‘Kodak’ 0.800 plate in D-61a developer 
(diluted 1+1) at 68°F (20°C) 
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The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


Lap 


75 24 












° > 

< 7 au < 

e 

: = rn, 5 

oe 

6s S 18 8 
oo! ne 155 


15 


Time of Development aes 


The developing times at various temperatures corresponding to 7 and 
10 minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 75°F (18° and 24°C), and 
development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and 
fixed at a temperature of 65°-75°F (18°-24°C). The following ‘Kodak’ 
fixers are recommended—Acid Fixing Salt with Hardener, Acid Fixer 
Powder, AM-33 Rapid Liquid Fixer, with or without AM-33H Hardening 
Additive, ‘Kodafix’ Solution, or a solution made up according to Kodak 
formula F-5 or F-24 (see Data Sheet FY-4). The preferred practice is 
the use of two successive fixing baths. The plate should be cleared of all 
milkiness in the first bath and drained back for 5 seconds. It should then 
be given, in the fresh second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. Ifa single fixing bath is used, 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both baths 
should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the plate can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required 

For normal requirements, the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 

When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo-Clearing Agent should be used. 
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The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 


The negative should then be dried in a dust-free atmosphere. 
Information concerning rapid drying may be found in Data Sheet PR-11. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may bé found in individual cases owing to various causes. 


Kodak, and product names quoted thus —‘Wratten’— are trade marks 
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P.25 ‘KODAK’ HALF-TONE 
PANCHROMATIC PLATE 


General properties and uses: P.25 is a slow, thin-emulsion, panchromatic 
plate of very fine grain, high contrast, and capable of giving extremely high 
dot density. It is recommended for making direct screen and line colour- 
separation negatives, when using D-8 developer, and, suitably filtered, for 
the photographic reproduction of blue-prints. Other applications where 
a panchromatic plate of high resolving power and contrast is required 
include astronomical work (e.g., photography of the moon’s disk), and 
the photomicrography of coloured or stained biological, medical, and 
metallurgical specimens. 


This plate is supplied with an anti-halation backing which clears during 
development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs’cm?) required to produce a specific 
.density, above gross fog, when the material is processed as recommended 
in D-8 developer. 


Speed and exposure: The effective speed of this plate depends on the 
conditions of use, so that no speed figures of any practical value can be 
given. The following is an example of a typical exposure under average 
working conditions with a good-quality original. However, it should be 
used only as a guide for trial exposures; the actual exposure may vary 
considerably according to the working conditions and the quality of the 
original. For a same-size reproduction of a line original, with two 35- 
ampere arc lamps 4 feet from the centre of the copy, each at an angle of 
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45° to the camera-subject axis, an exposure of 1} minutes at f 32, with a 
‘Wratten’ Filter No. 25 over the lens, would be approximately correct. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters”. 






peDA No. | No. | No. | No. | No. 


‘WRATTEN’ 15 
FILTERS (G) 25 29 47B 58 6l 
Tungsten factor 25 7 9 37 Wl 21 
Open-arc factor 5 14 44 10 17 36 





Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 3 (dark green). 


Development: Any process developer may be used but the following 
Kodak developers are recommended :— 


DEVEL- DILU- 
OPER TION 


TIME AT 


PURPOSE 20°C (68°F) 


AGITATION 


Maximum D-8* 


contrast 2+1 Continuous 2 min 





Very high D-11* |Undiluted Continuous 44 min 


contrast L| DG-10t 147 Continuous 4 min 


a 
* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2 
t+ A ‘Kodak’ Liquid Developer. or Graphic Arts Leaflet GA-14. 


Sensitometric curve a 
The data on which this 

curve is based are for the 

average product. Because 3-0 

this material is normally used 

only for high contrast work, 

time-gamma curves are not 

given and should be deter- 

mined, when required, under 2-0 

the actual working conditions. 


Density 


Characteristic curve for ‘Kodak’ 
P.25 Plate developed in D-8 
developer (diluted 241) for 2 
minutes at 20°C (68°F) 
0 1-0 2-0 3-0 4-0 


Relative Log. Exposure 


Nn 
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Time-temperature curve 
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Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 24°C 
(75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
Kodak Liquid Stop Bath with Indicator, a solution made up according to 
Kodak formula SB-la (see Data Sheet FY-4 or Graphic Arts Leaflet 
GA-14), or in running water, and fixed at a temperature of 18°-25°C 
(65°-77°F). The following ‘Kodak’ fixers are recommended—‘Kodafix’ 
Solution, AM-33 Rapid Liquid Fixer, with or without AM-33H Hardening 
Additive, ‘Unifix’ Powder, Acid Fixer Powder, or a solution made up 
according to Kodak formula F-5 or F-24 (see Data Sheet FY-4 or Graphic 
Arts Leaflet GA-14). The preferred practice is the use of two successive 
fixing baths. The plate should be cleared of all milkiness in the first 
bath and drained back for 5 seconds. It should then be given, in the 
fresh second fixing bath, the same time as was required in the first, and 
drained back for 5 seconds. Ifa single fixing bath is used, the fixing time 
will be twice that needed for clearing. Any fixing bath should be discarded 
when it fails to clear the plate in 10 minutes; then, when using the two- 
bath method, the first bath should be replaced with the second bath and a 
fresh second bath made up. After 5 such changes, both baths should be 
discarded. , 


For rapid processing, or when a low degree of permanence is accept- 
able, the plate can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 


For normal commercial requirements, the negative should be washed in 
running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes, with 
occasional agitation, in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo-Clearing Agent should 
be used. Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 
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The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negative should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristics of the plate given in this publication are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Kodafix, Wratten, Photo-Flo, and Unifix are trade marks 
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P.300 ‘KODAK’ RAPID PANCHROMATIC PLATE 


General properties and uses: P.300 is an all-purpose fine-grain plate of 
moderately high contrast intended for general daylight and artificial-light 
photography, colour-separation negative making, the photography of 
factory interiors and plant, coloured goods, woodwork, etc., and for close- 
up shots of machinery. 


Its scientific uses include the recording of flame discharges and coloured 
arcs, the photomicrography of coloured or stained biological, medical, 
mineralogical, metallurgical, and palaeontological specimens, and super- 
ficial clinical photography. 

This plate is available unbacked or with an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





36 38 40 42 44 46 48 SO 52 54 56 SB 60 62 64 66 68 36 38 40 42 44 46 48 SO 52 54 S6 S8 60 62 64 66 68 


uv. | Bue | Green I Rea uv. | Blue | Green — Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200°R) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed figures: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 


B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


40 27° 17 





Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics allthe yearround. In winter the lens aperture should be opened by 
about one stop. Within two hours of sunrise or sunset, the aperture should 
be opened by one or more stops further than the setting for the season. 


Issue A Kodak Data Sheet 
PL-18 


DAYLIGHT EXPOSURES AT 1/50th or 1/60th second 


Subject Bright or * Hazy se Heavy Overcast 
Type Sutit Cloudy-bright 


or { Open Shade 


Brilliant F f/32 
Bright . : f/22 
Average - f/l6 
Shaded . : F/M 





* Hazy sun is sufficient to cast a slight shadow of well-defined objects, such as posts, tree-trunks, etc., 
while cloudy-bright is not. 


+ With side or back lighting, 4 stop more exposure should be given. With back-lit close-up subjects 
containing important shadow detail, the exposure increase may amount to | stop, depending on the 
effect required. Reflectors and supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Brilliant subjects : Coastal, marine, and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects : Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


NOTE: For subjects on light dry sand or snow, 1 stop less exposure 
should be given; for high-altitude snow scenes, 14 stops less. Use 
figures in table for snow scenes in winter in temperate latitudes. 


Tungsten-light exposures: The table opposite suggests approximate 
exposures for average subjects in a room or studio with a light ceiling, 
and light walls and furnishings. They are based on the use of two lamps, 
each being at the same distance from the subject and within 45° of the 
camera-subject axis. Exposures will vary to some extent according to 
the amount of light reflected from the ceiling, walls, and furnishings. 
This table, therefore, should be used as a basis for practical experiments; 
with combinations using other reflectors, the exposures will vary some- 
what according to the shape and surface of the reflectors used. 
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TUNGSTEN-LIGHT EXPOSURES AT 1/4th or 1/5th second 


Distance of lamps from subject (feet) at 


Lighting 


Two No. | Photofloods in ‘Koda- 
flector’ reflectors 


Two No. 2 Photofloods in ‘Kodalite’ 
reflector or two 275-watt reflector 
Photofloods eae ok 
Two 500-watt reflector Photofloods 


Two 500-watt (3200°K) floodlamps 
in ‘Kodalite’ reflectors. . . . . 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULB 


SHUTTER Class M Class FP 
SPEED ——_—_—— 


No. 5 
No. 22 
PFS PF.60 | PF.100) PF.24 | PF.45 


Type I] Type 5 


Open flash and up to 1/30th second 125 | 220 

1/50th or 1/60th second . A 110* | 200* 
1/100th or 1/125th second 100* | 180* 
1/200th or 1/250th second 80* | 140* 





* With M-synchronization. 


Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 


Class § —a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-syn- 
chronization or F-synchronization at shutter speeds of 1/15th second or longer. 


Class FP —flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
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increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters”’. 


‘ ge No.8 | No.9 | No. 11] No. 15 
Kodak ‘Wratten’ Filters (K2) | (K3) | (x1) | ©) No. 25 |No.47B] No. 58 


Daylight factor . 
Tungsten factor 
Open-arc factor 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting sur- 
face must be at least 7 feet from the bench top; the safelamp should be 
fitted with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt 
bulb. After development is half-completed, direct light from a safelamp, 
at a minimum distance of 4 feet, may be used for a few seconds. 


Development: Any negative developer may be used, but the following 
Kodak developers are recommended. When using ‘Microdol’ Developer, 
the exposure given should be } stop more than normal. Irrespective of 
whether a dish or a tank is used, the time should be taken in accordance 
with the agitation employed. 


Time at 68°F (20°C) 
to give gamma of: 
Purpose Developer Dilution Agitation 
approx. | approx. | approx. 
1-0 0-8 0°65 
j i ax 2 Ter 
D-76* Undiluted { Continuous 83 min 5 an 34 min 
Intermittentt | 11 min 4 min 
; gee : . 
D-6la* I+ Continuous 32 min i 2 min 
1+3 Intermittentt | 10 min 6 min 
Continuous in | 44 min 
Intermittentt in | 54 min 


‘Microdol’* | Undiluted { 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
+ Thorough but brief agitation at one-minute intervals. 
NOTE: For time exposures the development times should be halved. 
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Sensitometric curves 








12 
Development Time (min) 





a 
Relative Log. Exposure 0 1-0 2:0 30 40 


Characteristic curves for ‘Kodak’ P.300 Plate in D-76 developer (undiluted) at 68°F 
(20°C). All time-gamma curves, except that for D-61a (1+1), are for intermittent 
agitation. 


The data on which these curves are based are for the average products. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


Temperature (°F) 





2 3 Cr) 10 1S 20 30 40 
Time of Development (minutes) 


The developing times at various temperatures corresponding to 6 and 8 
minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 70°F (18° and 21°C), and 
development should not be undertaken at above 75°F (24°C), without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following are recom- 
mended—‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer 
Powder, ‘Kodak’ AM-33 Rapid Liquid Fixer, with or without AM-33H 
Liquid Hardener, ‘Kodafix’ Solution, or a solution made up according to 
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Kodak formula F-5 or F-24 (see Data Sheet FY-4). The preferred 
practice is to use two successive fixing baths. The plate should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time as 
was required in the first, and drained back for 5 seconds. If a single 
fixing bath is used, the fixing time will be twice that needed for clearing. 
Any fixing bath should be discarded when it fails to clear in 10 minutes; 
then, when using the two-bath method, the first bath should He replaced 
with the second bath and a fresh second bath made up. After 5 such 
changes, both baths should be discarded. 


For rapid processing, or when a low degree of permanence is accept- 
able, the plate can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 


For normal requirements the negative should be washed in running 
water for 20 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 4 com- 
plete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo Clearing Agent should be used. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The negative should then be dried in a dust-free atmosphere. 
Information concerning rapid drying may be found in Data Sheet PR-11. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Kodafix, Kodaflector, Kodalite, Photo-Flo, Microdol, and Wratten are 
trade marks 
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P.1200 ‘KODAK’ SUPER PANCHRO-PRESS PLATE 


General properties and uses: P.1200 is an extremely fast panchromatic 
plate designed for artificial-light work, such as portraiture and the photo- 
graphy of interiors, or where there is liable to be movement in the picture. 
It is recommended for press and technical record photography, for making 
colour-separation negatives, and for scientific applications where speed is 
more important than high resolution. These include the recording of 
spectra of meteors, the photography and photomicrography of living 
biological specimens, the recording of flame discharges and coloured arcs, 
clinical photography, and the recording of traces on silicate, sulphide, and 
phosphate cathode-ray-tube screens. 

This plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the 
reciprocal of the exposure (expressed in ergs/cm?) required to produce 
a specific density, above gross fog, when the material is processed as 
recommended in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), and DIN 
(logarithmic) speeds. These figures apply when this plate is developed 
in ‘Kodak’ D-76 developer to a Contrast Index of 0°56. For lower 
degrees of contrast, it may be necessary to increase the exposure by up to 
about 4 stop. 
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ASA/B.S. (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 


400 37° 27 





Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, open the lens aperture by about 
1 stop. Within 2 hours of sunrise or sunset, open the aperture 
by 1 or more stops further than the setting for the main part of the day. 





SHUTTER SPEED—1/500th second 


Subject | Bright. of, Hazy | Weak Hazy Sun | Cloudy-bright | — Cloudy-dull 
Type (Distinct Shadows) (Soft Shadows) (No Shadows) | or tOpen Shade 


Light to 
average f/16 fill f/8 f/5°6 
Dark F/I f/8 f/5°6 f/4 





NOTE: For high-altitude snow scenes, taken without a filter, give I4 stops less exposure. 


* With side or back lighting, give | stop more exposure. With close-up, back-lit subjects containing 
important shadow detail, the exposure increase should be !|-2 stops depending on the effect required. 
Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. Give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given in the following 
table apply for average subjects in a room or studio with a light ceiling, 
and light walls and furnishings. They are based on the use of two 
lamps, each being at the same distance from the subject and within 45° 
of the camera-subject axis. To obtain the recommended f/number, 
divide the guide number by the selected lamp-to-subject distance (in feet); 
conversely, to obtain the recommended lamp-to-subject distance, divide 





SHUTTER SPEED 





BSBTING I/sth | 1/15th | 1/30th | 1/60th 
second | second | second | second 
Two No. | Photofloods in suitable reflectors . . 90 64 32 
Two No. 2 Photofloods in suitable reflectors or 
two 275-watt Reflector Photofloods ... . 125 90 45 
Two 500-watt Reflector Photofloods ... . 180 64 
Two 500-watt 3200°K lamps in suitable reflectors 100 36 


NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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the guide number by the selected f/number. These recommendations 
give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. Therefore, use this table only as a basis for practical tests. 


Flashbulb exposures: Either blue or clear flashbulbs can be used. To 
obtain the recommended f/number for average subjects, divide the guide 
number by the selected flashbulb-to-subject distance (in feet); conversely, 
to obtain the recommended flashbulb-to-subject distance, divide the guide 
number by the selected f/number. For dark-coloured subjects, open 





SHUTTER SPEED 


FLASHBULB 
oe enh on 1/60th | 1/125th | 1/250th 
EF and up to t t t 
Berek 1/30th | second | second | second 
second 
Class M—Blue ‘ ; 
*PF.IB or Type IB 2-inch polished. 200 160+ 125+ 
4-inch satin-finish . 280 220+ 180+ 
*AG.|B—2-inch polished. . oP St te 
PF.60/97—6 to 7-inch satin-finish . . 560 450f 360f 
Class M—Clear 
*AG.|—2-inch polished 
*PF.| 2-inch polished . 220+ 180+ 
; 4-inch satin-finish . 
PF.5—4 to 5-inch satin-finish 320t 250t 
PF.60—6 to 7-inch satin-finish . 5607 450t 
Class S—Blue 
PF.100/97—6 to 7-inch satin-finish _ _— 
Class S—Clear 
PF.100—6 to 7-inch satin-finish —_ _ 
Class FP—Blue 
PF.6B—4 to 5-inch satin-finish . 140 100 
PF.45/97—6 to 7-inch satin-finish . 200 140 
Class FP—Clear 
PF.45—6 to 7-inch satin-finish . 250 180 


* If shallow, cylindrical, or fan-shaped reflectors are used, halve the guide numbers given in the table. 
+ With M-synchronization. 


Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/50th second or shorter. May also be used 
with X-synchronization at shutter speeds of 1/30th second or longer. 

Class S—flashbulbs taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchroni- 
zation at shutter speeds of 1/15th second or longer. 

Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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the aperture by 4 stop; for light-coloured subjects, close the aperture 
by } stop. If the surroundings provide little or no reflected light, as 
in a large hall or studio, or out of doors, open the aperture by up to 2 
stops. Conversely, for those subjects on to which a great deal of light 
is reflected, as in small rooms with walls of light tone, close the aperture 
by 1 stop. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets on 
specific filters and in the book “Kodak Wratten Filters”’. 


KODAK No. 8 | No. Il | No. 15 
‘WRATTEN?’ FILTER (K2) | (XI) (G) 


No. 25 | No. 47B| No. 58 


Daylight factor . . . 2* 5 24 
Tungsten factor . . . It 4* 2 


* For correct grey-tone rendering of coloured subjects. 


Safelighting: Total darkness is recommended for complete freedom from 
safelighting fog. However, if indirect safelighting is customarily used 
for general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Do not use any developer containing silver halide solvents, 
such as thiocyanates or thiosulphates, as they may form a scum on the 
surface of the plate. 

Use one of the following ‘Kodak’ developers: 

D-76, available in powder form, gives standard speed with fine grain. 

DK-50, available in powder form, gives medium grain and long tank life: 
this developer can be used diluted 1+1 to give closer control of contrast. 

DPC is a general-purpose liquid developer. 

Negatives of average subjects should be developed to a Contrast Index 
of 0°56, as in the table. Negatives developed to this value will be suitable 
for printing in a diffuse-light (e.g., cold-cathode) enlarger on to a Kodak 
Limited grade 2 enlarging paper. Further information on Contrast 
Index, and the choice of suitable values, can be found in Data Sheet 
SE-1A. 

Development should not be undertaken at above 24°C (75°F) without 
special precautions (see Data Booklet GN-5). 
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DEVELOPING TIME (in minutes) 
FOR A CONTRAST INDEX OF 0-56 


‘KODAK’ 3 
DEVELOPER Dish* Large Tankt 
18°C | 20°C | 22°C | 24°C 18°C | 20°C | 22°C | 24°C 
(65°F) | (68°F) | (72°F) | (75°F) | (65°F) | (68°F) | (72°F) | (75°F) 
D-76¢ 2... | — se = = 13 ul 9 8 
DK-50 
(undiluted). . 44 4 34 3 54 5 4g |  4§ 
DK-50 (I+1). 9 8 7 64 10 9 8t 8 
DPC (1+4) 3 2b 2 = pa = _ = 
DPC (1+9) 6 5 4 3 — — — = 
* With continuous agitation. For formulae of DK-50 and D-76, see Data Sheet FY-2. 


t With thorough agitation for 5 seconds at one-minute intervals. 


$ Streamer-like deposits may occur if this developer is used to develop a large number of plates. The 
effect can be minimized by ensuring that, during development, the plates are separated by a distance of 
at least $ inch. 


§ Developing times of less than 5 minutes in a tank may produce poor uniformity and should be avoided. 


Stop bath: After development, rinse the plate for about 30 seconds at 
18°-24°C (65°-75°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, a solution made up according to Kodak formula SB-1 (see 
Data Sheet FY-4), or in running water. 


Fixing, washing, and drying: Fix the plate at 18°-24°C (65°-75°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with 
or without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 

For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the plate of all milkiness in the first bath, and drain 
back for 5 seconds. Then fix in the second bath for the same time as 
was needed in the first, and drain back for 5 seconds. If a single fixing 
bath is used, fix for twice the time taken to clear. Discard any fixing 
bath when it fails to clear the plate in less than twice the time taken to 
clear in a fresh bath; then, when using the two-bath method, replace 
the first bath with the second bath, and make up a fresh second bath. 
After five such changes, discard both baths. 

For rapid processing or when a low degree of permanence is acceptable, 
clear the plate in the fixer and wash it briefly; fixing and washing must 
be completed later if a permanent record is required. 

To reduce the washing time, and to save water, use ‘Kodak’ Hypo- 
Clearing Agent and wash for 5 minutes (full instructions are packed 
with this chemical). Otherwise wash the negative in running water for 
30 minutes at 18°-24°C (65°-75°F) in a washing vessel which provides at 
least one complete change of water every 5 minutes. Alternatively, 
soak it for 5 minutes in each of six complete changes of water. At lower 
temperatures or with less-efficient washing equipment, these times may 
have to be increased considerably. Full details of the precautions 
necessary to ensure archival permanence are given in Data Sheet RF-6. 
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To obviate the risk of drying marks and to hasten drying, rinse the 
negative for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, 
at the recommended dilution. Information about rapid drying is given 
in Data Sheet PR-11. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 


in this Data Sheet are trade marks 


KODAK 
KODAFIX 
METAFIX 
PHOTO-FLO 
UNIFIX 
WRATTEN 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
METAFIX 

PHOTO-FLO 

UNIFIX 

WRATTEN 
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P.1600 KODAK ‘PANCHRO-ROYAL’ PLATE 


General properties and uses: P.1600 is an extremely fast panchromatic 
plate manufactured specifically for use on occasions when very rapid 
processing characteristics, as well as great speed, are required. It has a 
moderate contrast and fine grain, but may satisfactorily be subjected to 
forced development when even greater speed or higher contrast is desired. 
Its colour sensitivity is evenly balanced throughout the spectrum and 
is free from any undue response to red. 

This plate is especially recommended for press photography and for 
commercial, industrial, or scientific work, either by daylight or artificial 
light, under difficult exposure conditions. It is particularly suitable for 
action photography of all types or when a very short exposure must be 
used. Other uses for which the high speed of this plate renders it most 
suitable are clinical photography, photography of living biological speci- 
mens, and recording work with instruments using a fast-moving light spot. 

This plate is supplied with an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





Wave-length (my) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the 
reciprocal of the exposure (expressed in ergs/cm?) required to produce 
a specific density, above gross fog, when the material is processed as 
recommended in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. These figures apply when this plate is 
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developed in ‘Kodak’ D-76 developer to a Contrast Index of 0°56. For 
lower degrees of contrast, it may be necessary to increase the exposure 
by up to about 3 stop. 







B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 






ASA/B.S. (ARITHMETICAL) 





400 37° 27 


Daylight exposures: The following exposures are approximately 
correct during spring, summer, and autumn in temperate latitudes, and in 
the tropics all the year round. Jn winter, open the lens aperture by 
about 1 stop. Within 2 hours of sunrise or sunset, open the aperture 
by 1 or more stops further than the setting for the main part of the day. 





SHUTTER SPEED—1/500th second 


Subject Bien dt czy Weak Hazy Sun | Cloudy-bright Cloudy-dull 
Type (Distinct Shadows) (Soft Shadows) (No Shadows) | or tOpen Shade 





Light to 
average f/16 fil f/8 f/5-6 
Dark f/U f/8 f/5°6 fl4 


NOTE: For high-altitude snow scenes, taken without a filter, give 14 stops less exposure. 

* With side or back lighting, give | stop more exposure. With close-up back-lit subjects containing 
important shadow detail, the exposure increase should be 1-2 stops depending on the effect required. 
Reflectors or supplementary flash are frequently useful to illuminate the shadows. 

+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. Give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given in the following 
table apply for average subjects in a room or studio with a light ceiling, 
and light walls and furnishings. They are based on the use of two 
lamps, each being at the same distance from the subject and within 45° 





SHUTTER SPEED 


LIGHTING A 
1/8th | 1/I5th | 1/30th | 1/60th 
second | second | second | second 
Two No. | Photofloods in suitable reflectors 90 64 45 32 
Two No. 2 Photofloods in suitable reflectors or 
two 275-watt Reflector Photofloods . .. . 125 90 64 45 
Two 500-watt Reflector Photofloods 180 125 90 64 
Two 500-watt 3200°K lamps in suitable reflectors 100 72 50 36 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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of the camera-subject axis. To obtain the recommended f/number, 
divide the guide number by the selected lamp-to-subject distance (in feet); 
conversely, to obtain the recommended lamp-to-subject distance, divide 
the guide number by the selected f/number. These recommendations 
give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. Therefore, use this table only as a basis for practical tests. 


Flashbulb exposures: Either blue or clear flashbulbs can be used. To 
obtain the recommended f/number for average subjects, divide the guide 
number by the selected flashbulb-to-subject distance (in feet); conversely, 
to obtain the recommended flashbulb-to-subject distance, divide the guide 
number by the selected f/number. For dark-coloured subjects, open 


SHUTTER SPEED 


FLASHBULB 
ne Pep en | 60th | 1/t28th | 1/250th 
and up to t t t 
REDE EST OR 1/30th | second | second | second 
second 
Class M—Blue 
2-inch polished . . 200 180+ | 160+ 125+ 


arp Bory pe. {4% inch satin-finish 
*AG.IB—2-inch polished . . 2... 280 250t | 220t | 180t 
PF.60/97—4 to 7-inch satin-fi nish 560 500¢ | 450t 360} 


Class M—Clear 
*AG.|!—2-inch polished 


xpp.| _{2-inch polished Bie 250+ | 220¢ | 180+ 
4-inch satin-finish ae en os A 
PF.5—4 to 5-inch satin-finish . . . . 360t | 320t | 250+ 


PF.60—6 to 7-inch satin-finish . . . . 650¢ | 560 450} 


Class S—Blue 
PF.100/97—6 to 7-inch satin-finish 


Class S—Clear 
PF.100—6 to 7-inch satin-finish 


Class FP—Blue 


PF.6B—4 to 5-inch satin-finish 100 
PF.45/97—6 to 7-inch satin-finish 140 
Class FP—Clear 

PF.45—6 to 7-inch satin-finish 180 





* If shallow, cylindrical, or fan-shaped reflectors are used, halve the guide numbers given in the table. 

+ With M-synchronization. 

Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/50th second or shorter. May also be used with 
X-synchronization at shutter speeds of 1/30th second or longer. 

Class S—flashbulbs taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with 
X-synchronization at shutter speeds of I/15th second or longer. 

Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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the aperture by } stop; for light-coloured subjects, close the aperture 
by } stop. If the surroundings provide little or no reflected light, as 
in a large hall or studio, or out of doors, open the aperture by up to 2 
stops. Conversely, for those subjects on to which a great deal of light 
is reflected, as in small rooms with walls of light tone, close the aperture 
by 1 stop. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 


Filters: The exposure factors given overleaf show the relative exposure 
for the filters quoted, but they can be only an approximate guide to the 
actual increase in exposure as they depend on the composition of the 
lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book “‘Kodak Wratten Filters”’. 


No. 15 


‘ , No. No. I 
KODAK ‘WRATTEN’ FILTER (K2) (x1) (6) No, 25 
Daylight factor . 2. 2. 2... 2* 5 24 8 
Tungsten factor. . . .... Ig 4* 2 4 


* For correct grey-tone rendering of coloured subjects. 


Safelighting: Total darkness is recommended for complete freedom 
from safelight fog. However, if indirect safelighting is customarily used 
for general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Do not use any developer containing silver halide solvents, 
such as thiocyanates or thiosulphates, as they may form a scum on the 
surface of the plate. 


Use one of the following ‘Kodak’ developers: 
D-76, available in powder form, gives standard speed with fine grain. 


DK-50, available in powder form, gives medium grain and long tank 
life : this developer can be used diluted 1+ 1 to give closer control of contrast. 


DPC is a general-purpose liquid developer. 


Negatives of average subjects should be developed to a Contrast Index 
of 0-56, as in the table. Negatives developed to this value will be suitable 
for printing in a diffuse-light (e.g., cold-cathode) enlarger on to a Kodak 
Limited grade 2 enlarging paper. Further information on Contrast. 
Index, and the choice of suitable values can be found in Data Sheet. 
SE-1A. 
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Development should not be undertaken at above 24°C (75°F) without 
special precautions (see Data Booklet GN-5). 








DEVELOPING TIME (in minutes) 
FOR A CONTRAST INDEX OF 0:56 
















‘KODAK’ 
DEVELOPER Large Tankt 
20°C | 22°C | 24°C 

(75°F) | (65°F) | (68°F) | (72°F) | (75°F) 
D-76¢ . 9 7 6 
DK-50 
(undiluted) . 54 5 = 
DK-50(I+1) 9 8 — 
DPC (1+4). pe a = 





* With continuous agitation. For formulae of DK-50 and D-76, see Data Sheet FY-2. 

+ With thorough agitation for 5 seconds at one-minute intervals. 

+ Streamer-like deposits may occur if this developer is used to develop a large number of plates. The 
effect can be minimized by ensuring that, during development, the plates are separated by a distance 
of at least $ inch. 


Stop bath: After development, rinse the plate for about 30 seconds at 
18°-24°C (65°-75°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, a solution made up according to Kodak formula SB-1 (see 
Data Sheet FY-4), or in running water. 


Fixing, washing, and drying: Fix the plate at 18°-24°C (65°-75°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with 
or without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 

For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the plate of all milkiness in the first bath, and drain 
back for 5 seconds. Then fix in the second bath for the same time as 
was needed in the first, and drain back for 5 seconds. If a single fixing 
bath is used, fix for twice the time taken to clear. Discard any fixing 
bath when it fails to clear the plate in less than twice the time taken to 
clear in a fresh bath; then, when using the two-bath method, replace 
the first bath with the second bath, and make up a fresh second bath. 
After five such changes, discard both baths. 

For rapid processing or when a low degree of permanence is acceptable, 
clear the plate in the fixer and wash it briefly; fixing and washing must 
be completed later if a permament record is required. 

To reduce the washing time, and to save water, use ‘Kodak’ Hypo- 
Clearing Agent and wash for 5 minutes (full instructions are packed with 
this chemical). Otherwise, wash the negative in running water for 20 
minutes at 18°-24°C (65°-75°F) in a washing vessel which provides at 
least one complete change of water every 5 minutes. Alternatively, 
soak it for 5 minutes in each of four complete changes of water. At lower 
pnp or with less-efficient washing equipment, these times may 
have to be increased considerably. Full details of the precautions 
necessary to ensure archival permanence are given in Data Sheet RF-6. 
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To obviate the risk of drying marks and to hasten drying, rinse the 
negative for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, 
at the recommended dilution. Information about rapid drying is given 
in Data Sheet PR-11. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
METAFIX 

PANCHRO-ROYAL 
PHOTO-FLO 
UNIFIX 

WRATTEN 
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IR.ER. ‘KODAK’ INFRA-RED EXTRA-RAPID PLATE 


General properties and uses: The IR.ER. is the faster of the two ‘Kodak’ 
infra-red plates. It is slightly more grainy than the IR.30 ‘Kodak’ Half- 
Tone Infra-Red Plate and yields lower contrast. 

Its uses include aerial survey, haze penetration, anti-dazzle flashlight 
work*, photomicrography, and spectrography (see also Data Sheet SC-7). 


Sensitization: Sensitive to ultra-violet and to the visible spectrum and has 
exceptionally high sensitivity in the infra-red from 670 to 880 my :— 





w 6 ON MH HH HS 5S] SM Se Be WO 82 4 oe Oe 8 Tl 4 ela 
uv | Blue I) Gree 7 Red | Infra-red 


Sensitivity Curve to Tungsten Light (3200 K) and to Infra-Red 


The apparent rapid fall in sensitivity shown at the left-hand end of this 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Focusing: As most lenses are not corrected for infra-red radiation, the 
infra-red focus does not coincide with the visual focus. To obtain 
optimum definition, the lens, after focusing, may need to be set forward 
by as much as 1 250th of its focal length. However, the actual displace- 
ment will depend on the lens used, and for critical work this must be 
determined by experiment with a range of apertures at different focus 
settings. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S. ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). The figures in brackets 
apply for tungsten-light exposures. These figures are correct for use 
with an unscreened meter and allow for exposure through a ‘Wratten’ 
Filter No. 88A. 












B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 






B.S./ASA (ARITHMETICAL) 








6 (10) 19° (21°) 9 (11) 





Exposure: Using a ‘Wratten’ filter No. 88A, 1/50th second at f/5°6 would 
be approximately the correct exposure in noon summer sunlight for a 
normal subject without heavy shadows or near dark masses. 


Filters: Exposure factors for the more commonly used ‘Wratten’ filters are 
given overleaf, the factors being referred to that of the ‘Wratten’ filter 
No. 88A (transmitting from 720 my), which is taken as unity, as the plate 
* Reference: Brit. J. Phot., 14 June 1940, pp. 288-289. 


Issue B Kodak Data Sheet 
PL-30 


is not normally used unfiltered. The ‘Wratten’ filter No. 87 transmits 
from 740 my and is of use principally in scientific work and anti-dazzle 
flash photography. The ‘Wratten’ filters Nos. 70, 29, and 25, respectively, 
allow more of the visual-red sensitivity of the plate to be employed. 
Further details of these filters can be found in Data Sheets FT-8 and 
FT-9 and in the book “Kodak Wratten Filters.” 











KODAK ‘WRATTEN’ FILTERS | No. 88A| No. 87 | No. 70 | No. 29 | No. 25 







Factor . 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 9 (blue-green). 


Development: Any negative developer may be used but the following 
Kodak developer is recommended :— 















APPROX. | TIME AT 





DILU- | MODE 



















PURPOSE TION | OF UsE | AGITATION 20°C 

(68°F) 

Low Contin 4 min 
contrast ontinvons 

Continuous 4 min 

Normal Tank = | Intermittent} 5 min 

High Dish Continuous 54 min 

contrast Tank = | Intermittent 7 min 






* This is available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 
t+ Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 


Development Time (min) 


Density 





} 


Relative Log. Exposure 0 1-0 2:0 3-0 4 


Characteristic curves for IR.ER. ‘Kodak’ Plate in D-19b developer diluted 
1+4 (gamma 1-0) and 142 (gamma 1:8) at 20°C (68°F) 
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The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


LON EET FT 
PSST Per 
CPST 


60 
Time of Development (minutes) 


75 









Temperature (°F) 
Temperature (°C) 





The developing times at various temperatures corresponding to 4 and 5 
minutes at 20°C (68°F) are shown. Corresponding curves for other 
developing times at 20°C (68°F) can be drawn parallel to those shown. 
Best results are obtained between 18° and 24°C (65° and 75°F), and 
development should not be undertaken at above 24°C (75°F) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The plate should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ fixers 
are recommended—‘Unifix’ Powder, Acid Fixer Powder, AM-33 Rapid 
Liquid Fixer, with or without AM-33H Hardening Additive, ‘Kodafix’ 
Solution, or a solution made up according to Kodak formula F-5 or F-24 
(see Data Sheet FY-4). The preferred practice is the use of two successive 
fixing baths. The plate should be cleared of all milkiness in the first bath 
and drained back for 5 seconds. It should then be given, in the fresh sec- 
ond fixing bath, the same time as was required in the first, and drained back 
for 5 seconds. Ifa single fixing bath is used, the fixing time will be twice 
that needed for clearing. Any fixing bath should be discarded when it fails 
to clear in 10 minutes; then, when using the two-bath method, the first 
bath should be replaced with the second bath and a fresh second bath made 
up. After 5 such changes, both baths should be discarded. 


For rapid processing, or when a low degree of permanence is acceptable, 
the plate can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 


For normal requirements, the negative should be washed in running 
water for 30 minutes at 15°-25°C (59°-77°F) in an efficient washing vessel. 
Alternati: ely, it may be soaked for 5 minutes in each of 6 complete changes 
of water. At lower temperatures, or with less efficient washing equip- 
ment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 
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The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11,. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the plate given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Unifix, Kodafix, and Photo-Flo 
are trade marks 
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‘KODAK’ AIR-SURVEY POSITIVE PLATES 


General properties and uses: These plates possess a blue-sensitive 
emulsion of very fine grain, and are intended for producing diapositives 
for use in stereo-plotting apparatus, such as that used in contour mapping; 
for this reason they are coated on glass specially selected as having a high 
degree of surface-flatness. They are available in two grades of contrast, 
Normal and Hard, the Hard plate yielding a higher contrast than the 
Normal. 


Flatness: Each contrast grade is obtainable coated on glass of four different 
flatness specifications, the choice of which depends upon the accuracy of 
the work to be undertaken. The plates are selected for flatness to within 
the following degrees of tolerance: 


Flatness Glass surface contained 
Specification within two planes 
No. 80 0-08mm apart 
No. 40 0:04mm apart 
No. 20 0:02mm apart 
No. 10 0-O01mm apart 


Exposure: When printing, by either projection or contact, the exposure 
will be approximately the same as for bromide paper; for contact printing, 
an exposure of approximately 1 second at 4 feet from a 25-watt pearl 
bulb will be required. 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series OB (lime-yellow). 


PROCESSING 


It is advisable to filter all developer solutions before use. This applies 
also to all other processing solutions employed, and also to the washing 
water, from which grit, etc., may be removed by fitting a water filter to 
the mains supply. If any sediment is present in the processing solutions, 
or washing water, it may scratch or adhere to the plates, thus making the 
final interpretation more difficult. 


Development: Any developer suitable for bromide paper may be used, 
but the Kodak developers mentioned overleaf are recommended. The 
development times given are for development in a dish, with continuous 
agitation. 
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Development 
Time at 68°F (20°C) 


Developer Dilution Relative Contrast 


D-163* 143 According to negative 14-2 min 
contrast 


D-19b* 1+3 Similar to that given 2 min 
by D-163 


Soft 143 Softer than that given 13-3 min 
Gradation* by D-163 
or D-165 





* Available as ‘Kodak’ packed or liquid developers. For formulz see Data Sheet FY-2. 


Fixing, washing, and drying: The plate should be rinsed in a solution 
of ‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and 
fixed at a temperature of 65°-70°F (18°-21°C) in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, or a fixing 
solution made up according to Kodak formula F-5 (see Data Sheet FY-4). 
The preferred practice is to use two successive fixing baths. The plate 
should he cleared of all milkiness in the first bath and drained back for 5 
seconds. It should then be given, in the fresh second fixing bath, the 
same time as was required in the first, and drained back for 5 seconds. 
If a single fixing bath is used the fixing time will be twice that needed for 
clearing. Any fixing bath should be discarded when it fails to clear in 
10 minutes; then, when using the two-bath method, the first bath should 
be replaced with the second bath and a fresh second bath made up. 
After 5 such changes, both baths should be discarded. 


For normal requirements the plate should be washed in running water 
for 20 minutes at 60°-70°F (16°-21°C) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 4 complete changes 
of water. At lower temperatures, or with less efficient washing equipment, 
the times may have to be increased considerably. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


Before drying it is advisable to rinse the plate in Kodak ‘Photo-Flo’ 
solution, in the dilution recommended. The surface moisture should be 
drained to one corner of the plate, and carefully removed from that corner 
with a piece of fluffless absorbent material. Then the plate should be 
placed in a horizontal position, emulsion side up, in a warm, dust-free 
atmosphere. Excessive heat should be avoided during drying, and it is 
recommended that the plates should not be dried in a drying cabinet. 


An alcohol bath may be used to assist drying. (Some users prefer to 
dry these plates in this way, maintaining that for very critical work 
image-distortion is thereby reduced to a minimum). After washing, the 
plates should be immersed in a 70 per cent industrial or surgical spirit 
bath (7 parts to 3 parts of water) for 2-3 minutes, the surplus liquid 
removed, and the plate dried as described above. 
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AVAILABILITY 


The degree of surface flatness must be related to the plate size—it is 
not possible to offer all degrees of surface flatness in all sizes. 

All Air-Survey Positive Plates larger than 13x13cm are edge and 
corner finished; those of 13x13cm and smaller are edge and corner 
finished only if this treatment is specially requested. 





‘ : Nominal Glass 
ee Thickness Hattats Bcene Availability 
Specification 
millimetre inch inch 
50 « 50 2.2 0-06 10 12 Stocked 
54. 54 _ 0:06 10 12 Special Order 
64» 64 _— 0:06 40 12 Special Order 
centimetre inch 
10x 15 33.- 53 0:06 80 12 Special Order 
10-4 10-4 _— 0-06 80 12 Special Order 
thx tl 43 43 0-06 80 12 Special Order 
hed 43. 43 O-ll* 20 6 Special Order 
13-13 5h. 5¢ 0-06 80 12 Special Order 
13 18 Sex 7¢ 0:06 80 12 Special Order 
15-15 53-53 0-06 80 12 Special Order 
18. 18 Th 74 0:06 80 12 Special Order 
19-19 7x74 0-06 80 12 Stocked 
19.19 7g 7k O11 40 6 Special Order 
19. 19 775 0-25 20 4 Special Order 
19 20 74-73 0:08 80 12 Special Order 
1921-5 — 0-06 80 12 Special Order 
23 - 23 9-9 0-06 80 12 Special Order 
24 «24 $0 OF 0-06 80 12 Stocked 
24 x 24 a OS 0-11 40 6 Special Order 
24 « 24 9h OL 0°25 20 4 Special Order 
30 x 30 Hes 112 0-11 40 6 Special Order 


*Provisional 


A coded reference indicating both glass thickness and the flatness 
specification number is printed on the boxes of plates, e.g. 
110-40 (0-110 in. glass, flatness specification 40) 
250-20 (0:250 in. glass, flatness specification 20) 


The characteristics of the plates given on this Data Sheet are intended 
as a guide to the choice of a suitable material for a specific purpose. The 
data should not be assumed to be strictly quantitative; minor deviations 
may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
PHOTO-FLO 
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LIST OF SECTIONS IN THE FIVE VOLUMES 


RF 
GN 
CN 
EQ 
FT 


XR 
MD 
IN 
SG 
DC 
ED 


GE 
PR 
Ey 


SE 
PL 
PP 


FM 


Index 

Reference 

General Technique 
Cinematography 
Equipment 

Filters 


Radiography 

Medical Applications 
Industrial Applications 
Scientific Applications 
Document Copying 
Educational Applications 


Colour Photography 
Processing 
Formulary 


Sensitized Materials 
Plates 
Papers 


Films 


TO CLOSE - Squeeze UPPER LEVERS together 


TO OPEN - Use LOWER LEVERS 





Twist first 


then squeeze 
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FILMS 





FM-1A 
FM-IB 


FM-IC 


FM-ID 


FM-30 


l6mm Kodak ‘Ektachrome’ Commercial Film, Type 7255 
‘Kodak’ High-Speed ‘Ektachrome’ Films, Daylight Type and 
Type B 

16mm Kodak ‘Ektachrome’ EF Films, Types 7241 (Daylight) and 
7242 (Tungsten) 


Kodak ‘Ektachrome’ Films, Daylight Type and Type B— 
Process E-3 


Kodak ‘Ektachrome-X’ Film, Daylight Type—Process E-2 
35mm Kodak ‘Ektachrome’ Reversal Print Film 

Kodak ‘Ektachrome’ Duplicating Film 

‘Kodachrome’ || Films, Daylight Type and Type A 
‘Kodachrome-X’ Film, Daylight Type 

Kodak ‘Ektacolor’ Professional Films, Type S and Type L 
Kodak ‘Ektacolor’ Print Film 

Kodak ‘Ektacolor’ Internegative Film 

‘Kodacolor-X’ Colour-Negative Film 

I6mm Kodak ‘Tri-X’ Negative Movie Film 

|6mm Kodak ‘Plus-X’ Negative Movie Film 

16mm ‘Kodak’ High-Contrast Negative Film, Type 7457 
l6mm Kodak ‘Tri-X’ Reversal Film, Type 7278 

16mm Kodak ‘Plus-X’ Reversal Film, Type 7276 

Kodak ‘Royal Blue’ X-ray Film (‘Estar’ Base) 

‘Kodak’ Standard X-ray Film (‘Estar’ Base) 

‘Kodirex’ X-ray Film (‘Estar’ Base) 

Kodak ‘Blue Brand’ Medical X-ray Film (‘Estar’ Base) 
‘Kodak’ Fast Dental X-ray Film (‘Estar’ Base) 

‘Kodak’ Radiograph Duplicating Film 

Kodak ‘Microtex’ X-ray Film (‘Estar’ Base) 

Kodak ‘Industrex’ X-ray Film, Type S 

Kodak ‘Industrex’ X-ray Film, Type D (‘Estar’ Base) 
Kodak ‘Crystallex’ X-ray Film (‘Estar’ Base) 

‘Kodalith’ Ortho Films, Type 3 


FM-30A ‘Kodalith’ Pan Film (‘Estar’ Base) 


FM-31 


‘Kodaline’ Standard Sheet Film 


FM-33 
FM-34 
FM-35 
FM-36 
FM-37 
FM-38 
FM-39 
FM-40 
FM-41 
FM-42A 
FM-43 
FM-43A 
FM-44 
FM-45 
FM-46 
FM-47 
FM-48 
FM-49 
FM-50 
FM-5I 
FM-52 
FM-53 
FM-54 
FM-56 
FM-58 
FM-59 
FM-60 
FM-61 
FM-62 
FM-63 
FM-64 
FM-65 
FM-65A 
FM-65B 


RF-10 
SE-| 
SE-IA 
SE-2 
SE-4 


SE-5 
SE-6 


‘Kodak’ Process Sheet Film (‘Estar’ Thick Base) 

‘Kodak’ Commercial Ortho Sheet Film (‘Estar’ Thick Base) 
Kodak ‘Tri-X’ Ortho Sheet Film (‘Estar’ Thick Base) 
Kodak ‘Plus-X’ Pan Sheet Film (‘Estar’ Thick Base) 

Kodak ‘Tri-X’ Pan Professional Sheet Film (‘Estar’ Thick Base) 
Kodak ‘Panchro-Royal’ Sheet Film (‘Estar’ Thick Base) 

‘Kodak’ Commercial Fine-Grain Sheet Films 
‘Kodalith’ Transparent Stripping Film, Type 3 
Kodalith ‘Autoscreen’ Ortho Film 
‘Kodalith’ Royal Ortho Film (‘Estar’ Base) 

‘Kodak’ Separation-Negative Film, Type | (‘Estar’ Thick Base) 
‘Kodak’ Separation-Negative Film, Type 2 (‘Estar’ Thick Base) 
Kodak ‘Royal-X’ Pan Sheet Film (‘Estar’ Thick Base) 
Kodak ‘Tri-X’ Pan Roll Film 
Kodak ‘Tri-X’ Pan Professional Roll Film 
Kodak ‘Panatomic-X’ Roll Film 
Kodak ‘Plus-X’ Pan Professional Roll Film 
Kodak ‘Verichrome’ Pan Roll Film 
Kodak ‘Royal-X’ Pan Roll Film 
Kodak ‘Panatomic-X’ Miniature Film 
Kodak ‘Plus-X’ Pan Miniature Film 
Kodak ‘Tri-X’ Pan Miniature Film 
35mm ‘Kodak’ Quick-Finish Panchromatic Film 
35mm ‘Kodak’ Fine-Grain Positive Film 
35mm Recordak ‘Micro-File’ Film, Type 5669 
Kodak ‘Super-XX’ Aero Film 
‘Kodak’ Recording Films 
*‘Microdak’ Panchromatic Safety Film 
Kodak ‘Panatomic-X’ Aero Film 
‘Kodak’ Radiation-Monitoring Film 
Kodak ‘Plus-X’ Aerographic Film 
‘Kodagraph’ Contact Film, ‘Estar’ Base, EC4 
‘Kodagraph’ Projection Film, ‘Estar’ Base, EP4 
Kodagraph ‘Autopositive’ Film, ‘Estar’ Base, EA4 


Associated Data Sheets contained in other sections 


The Dimensional Stability of Photographic Films and Plates 

General Information on ‘Kodak’ Negative Materials 

Contrast Index 

General Classification of ‘Kodak’ Sensitized Materials 

ala of ‘Kodak’ 8 and I6mm Cine, and 35mm Miniature 
ilms 

‘Kodak’ Photographic Materials for Electron Micrography 

‘Kodak’ Photographic Materials for Technical Use 
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FILMS 





FM-IA 
FM-IB 


FM-IC 


16mm Kodak ‘Ektachrome’ Commercial Film, Type 7255 
‘Kodak’ High-Speed ‘Ektachrome’ Films, Daylight Type and 
Type B 

16mm Kodak ‘Ektachrome’ EF Films, Types 7241 (Daylight) and 
7242 (Tungsten) 


Kodak ‘Ektachrome’ Films, Daylight Type and Type B— 
Process E-3 


Kodak ‘Ektachrome-X’ Film, Daylight Type—Process E-2 
35mm Kodak ‘Ektachrome’ Reversal Print Film 
Kodak ‘Ektachrome’ Duplicating Film 

‘Kodachrome’ || Films, Daylight Type and Type A 
‘Kodachrome-X’ Film, Daylight Type 

Kodak ‘Ektacolor’ Professional Films, Type S and Type L 
Kodak ‘Ektacolor’ Print Film 

Kodak ‘Ektacolor’ Internegative Film 

‘Kodacolor-X’ Colour-Negative Film 

I6mm Kodak ‘Tri-X’ Negative Movie Film 

16mm Kodak ‘Plus-X’ Negative Movie Film 

I6mm ‘Kodak’ High-Contrast Pan Movie Film 

l6mm Kodak ‘Tri-X’ Reversal Movie Film 

I6mm Kodak ‘Plus-X’ Reversal Movie Film 

Kodak ‘Royal Blue’ X-ray Film (‘Estar’ Base) 

‘Kodak’ Standard X-ray Film (‘Estar’ Base) 

‘Kodirex’ X-ray Film (‘Estar’ Base) 

Kodak ‘Blue Brand’ Medical X-ray Film (‘Estar’ Base) 
‘Kodak’ Fast Dental X-ray Film (‘Estar’ Base) 

‘Kodak’ Radiograph Duplicating Film 

Kodak ‘Microtex’ X-ray Film (‘Estar’ Base) 

Kodak ‘Industrex’ X-ray Film, Type S 

Kodak ‘Industrex’ X-ray Film, Type D (‘Estar’ Base) 
Kodak ‘Crystallex’ X-ray Film (‘Estar’ Base) 
‘Kodalith’ Ortho Films, Type 3 


FM-30A ‘Kodalith’ Pan Film (‘Estar’ Base) 


FM-31 


‘Kodaline’ Standard Sheet Film 


FM-33 
FM-34 
FM-35 
FM-36 
FM-37 
FM-38 
FM-39 
FM-40 
FM-41 
FM-42A 
FM-43 
FM-43A 
FM-44 
FM-45 
FM-46 
FM-47 
FM-48 
FM-49 
FM-50 
FM-5| 
FM-52 
FM-53 
FM-54 
FM-56 
FM-58 
FM-59 
FM-60 
FM-61 
FM-62 
FM-63 
FM-64 
FM-65 
FM-65A 
FM-65B 


RF-10 
SE-| 
SE-IA 
SE-2 
SE-4 


SE-5 
SE-6 


‘Kodak’ Process Sheet Film (‘Estar’ Thick Base) 
‘Kodak’ Commercial Ortho Sheet Film 

Kodak ‘Ortho-Royal’ Sheet Film 

Kodak ‘Plus-X’ Pan Sheet Film (‘Estar’ Thick Base) 
Kodak ‘Super-XX’ Sheet Film 

Kodak ‘Panchro-Royal’ Sheet Film (‘Estar’ Thick Base) 
‘Kodak’ Commercial Fine-Grain Sheet Films 
‘Kodalith’ Transparent Stripping Film, Type 3 
Kodalith ‘Autoscreen’ Ortho Film 

‘Kodalith’ Royal Ortho Film (‘Estar’ Base) 

‘Kodak’ Separation-Negative Film, Type | (‘Estar’ Thick Base) 
‘Kodak’ Separation-Negative Film, Type 2 (‘Estar’ Thick Base) 
Kodak ‘Royal-X’ Pan Sheet Film (‘Estar’ Thick Base) 
Kodak ‘Tri-X’ Pan Roll Film 

Kodak ‘Tri-X’ Pan Professional Roll Film 

Kodak ‘Panatomic-X’ Roll Film 

Kodak ‘Plus-X’ Pan Professional Roll Film 

Kodak ‘Verichrome’ Pan Roll Film 

Kodak ‘Royal-X’ Pan Roll Film 

Kodak ‘Panatomic-X’ Miniature Film 

Kodak ‘Plus-X’ Pan Miniature Film 

Kodak ‘Tri-X’ Pan Miniature Film 

35mm ‘Kodak’ Quick-Finish Panchromatic Film 
35mm ‘Kodak’ Fine-Grain Positive Film 

35mm Recordak ‘Micro-File’ Panchromatic Film 
Kodak ‘Super-XX’ Aero Film 

‘Kodak’ Recording Films 

‘Microdak’ Panchromatic Safety Film 

Kodak ‘Panatomic-X’ Aero Film 

‘Kodak’ Radiation-Monitoring Film 

Kodak ‘Plus-X’ Aerographic Film 

‘Kodagraph’ Contact Film, ‘Estar’ Base, EC4 
‘Kodagraph’ Projection Film, ‘Estar’ Base, EP4 
Kodagraph ‘Autopositive’ Film, ‘Estar’ Base, EA4 


Associated Data Sheets contained in other sections 


The Dimensional Stability of Photographic Films and Plates 
General Information on ‘Kodak’ Negative Materials 

Contrast Index 

General Classification of ‘Kodak’ Sensitized Materials 

Lengths of ‘Kodak’ 16mm and Double 8mm Cine, and 35mm 
Miniature Films 

‘Kodak’ Photographic Materials for Electron Micrography 
‘Kodak’ Photographic Materials for Technical Use 
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KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





FILMS 





FM-| 


FM-1A 


FM-2 
FM-3 
FM-4 


FM-5 
FM-6 
FM-7 
FM-8 


FM-11 
FM-12 
FM-13 


FM-16 
FM-I7 
FM-18 
FM-19 
FM-20 
FM-21 
FM-22 


FM-25 
FM-26 
FM-27 
FM-28 


FM-30 
FM-31 


FM-32 


Kodak ‘Ektachrome’ Films. 

16 mm Kodak ‘Ektachrome’ Commercial Film, Type 7255. 
‘Kodachrome’ Films, Daylight Type and Type A. 

Kodak ‘Ektacolor’ Films, Type S and Type L. 
‘Kodacolor’ Colour-Negative Film. 


16 mm Cine-Kodak ‘Tri-X’ Negative Film. 

16 mm Kodak ‘Plus-X’ Negative Movie Film. 

16 mm ‘Kodak’ Positive Movie Film. 

16 mm ‘Eastman’ Fine-Grain Release Positive Film. 


16mm Kodak ‘Tri-X’ Reversal Movie Film. 
16 mm Kodak ‘Plus-X’ Reversal Movie Film. 
Double 8 mm Kodak ‘Panatomic-X’ Reversal Movie Film. 


‘Kodak’ Standard X-ray Film. 

“Kodirex’ X-ray Film. 

‘Kodak’ Blue Brand X-ray Film. 

‘Kodak’ Dental X-ray Films. 

‘Flurodak’ Green-Sensitive Negative Film. 
Kodak ‘Fluropan’ Panchromatic Negative Film. 
‘Flurodak’ Blue-Sensitive Negative Film. 


Kodak ‘Industrex’ X-ray Film Type M. 
Kodak ‘Industrex’ X-ray Film Type S. 
Kodak ‘Industrex’ X-ray Film Type D. 
Kodak ‘Crystallex’ X-ray Film. 


‘Kodalith’ Ortho Sheet Films, Type 3. 


‘Kodaline’ Sheet Films, Standard, Rapid Ortho, 
and Panchromatic. 


Kodak ‘Ektagraph’ Film. 


KODAK DATA BOOK OF APPLIED PHOTOGRAPHY 





FM-33 
FM-34 
FM-35 
FM-36 
FM-37 
FM-38 
FM-39 


FM-40 
FM-41 
FM-42 
FM-43 
FM-44 


FM-45 
FM-47 
FM-49 
FM-50 


FM-5| 
FM-52 
FM-53 
FM-54 


FM-56 
FM-57 
FM-58 
FM-59 
FM-60 
FM-61 
FM-62 
FM-63 


SE-| 
SE-2 
SE-4 


‘Kodak’ Process Sheet Film. 
‘Kodak’ Commercial Ortho Sheet Film. 

Kodak ‘Ortho-Royal’ Sheet Film. 

Kodak ‘Plus-X’ Sheet Film. 

Kodak ‘Super-XX’ Sheet Film. 

Kodak ‘Panchro-Royal’ Sheet Film. 
‘Kodak’ Commercial Fine-Grain Film CF.3. 
‘Kodak’ Commercial Fine-Grain Film CF.8. 
‘Kodak’ Commercial Fine-Grain Matt Film CFM.8. 
‘Kodalith’ Transparent Stripping Film. 
‘Kodalith’ Autoscreen Ortho Film. 
‘Kodalith’ Super Ortho Film S.O.F.5. 
‘Kodak’ Separation-Negative P.B. Film. 

Kodak ‘Royal-X’ Pan Sheet Film. 


Kodak ‘Tri-X’ Roll Film. 

Kodak ‘Panatomic-X’ Roll Film. 
Kodak ‘Verichrome’ Pan Roll Film. 
Kodak ‘Royal-X’ Pan Roll Film. 


Kodak ‘Panatomic-X’ Miniature Film. 

Kodak ‘Plus-X’ Miniature Film. 

Kodak ‘Tri-X’ Miniature Film. 

35 mm ‘Kodak’ Quick-Finish Panchromatic Film. 


‘Kodak’ Positive Miniature Safety Film, Fine Grain. 
35 mm Recordak ‘Micro-File’ Fine-Grain Print Film. 
35 mm Recordak ‘Micro-File’ Panchromatic Film. 
Kodak ‘Super-XX’ Aero Film. 

‘Kodak’ Recording Films. 

“Microdak’ Panchromatic Safety Film. 

Kodak ‘Panatomic-X’ Aero Film. 

‘Kodak’ Radiation-Monitoring Film. 


Associated Data Sheets contained in other sections 


General Information on ‘Kodak’ Negative Materials. 

General Classification of ‘Kodak’ Sensitized Materials. 

Lengths of ‘Kodak’ 16 mm and Double 8 mm Movie, and 35 mm 
Miniature Films. 


SE-5 ‘Kodak’ Photographic Materials for Electron Micrography. 
SE-6 ‘Kodak’ Photographic Materials for Technical Use. 
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‘KODAK’ DATA BOOK OF APPLIED PHOTOGRAPHY 





FILMS 





FM-1A 
FM-1B 


FM-IC 
FM-1D 


FM-IE 
FM-IF 
FM-2A 
FM-2B 
FM-3 
FM-3A 
FM-3B 
FM-4A 
FM-5 
FM-6 
FM-9 
FM-I1 
FM-12 
FM-I5 
FM-16 
FM-17 
FM-18 
FM-19 
FM-24 
FM-25 
FM-26 
FM-27 
FM-28 
FM-30 


l6mm Kodak ‘Ektachrome’ Commercial Film, Type 7255 
‘Kodak’ High-Speed ‘Ektachrome’ Films, Daylight Type and 
Type B 

l6mm Kodak ‘Ektachrome’ ER Films, Daylight Type and Type B 


Kodak ‘Ektachrome’ Films, Daylight Type and Type B— 
Process E-3 


Kodak ‘Ektachrome-X’ Film, Daylight Type—Process E-2 
35mm Kodak ‘Ektachrome’ Reversal Print Film 
‘Kodachrome’ || Films, Daylight Type and Type A 
‘Kodachrome-X’ Film, Daylight Type 

Kodak ‘Ektacolor’ Professional Films, Type S and Type L 
Kodak ‘Ektacolor’ Print Film 

Kodak ‘Ektacolor’ Internegative Film 
‘Kodacolor-X’ Colour-Negative Film 

l6mm Kodak ‘Tri-X’ Negative Movie Film 

16mm Kodak ‘Plus-X’ Negative Movie Film 
l6mm ‘Kodak’ High-Contrast Pan Movie Film 
16mm Kodak ‘Tri-X’ Reversal Movie Film 

16mm Kodak ‘Plus-X’ Reversal Movie Film 
Kodak ‘Royal Blue’ X-ray Film 

‘Kodak’ Standard X-ray Film 

‘Kodirex’ X-ray Film 

Kodak ‘Blue Brand’ X-ray Film 

‘Kodak’ Dental X-ray Films 

‘Kodak’ Radiograph Duplicating Film 

Kodak ‘Microtex’ X-ray Film 

Kodak ‘Industrex’ X-ray Film, Type S 

Kodak ‘Industrex’ X-ray Film, Type D 

Kodak ‘Crystallex’ X-ray Film 

‘Kodalith’ Ortho Films, Type 3 


FM-30A ‘Kodalith’ Pan Film (‘Estar’ Base) 


FM-31 
FM-33 


‘Kodaline’ Standard Sheet Film 
‘Kodak’ Process Sheet Film 


FM-34 ‘Kodak’ Commercial Ortho Sheet Film 

FM-35 Kodak ‘Ortho-Royal’ Sheet Film 

FM-36 Kodak ‘Plus-X’ Pan Sheet Film 

FM-37 Kodak ‘Super-XX’ Sheet Film 

FM-38 Kodak ‘Panchro-Royal’ Sheet Film 

FM-39 ‘Kodak’ Commercial Fine-Grain Sheet Films 

FM-40 ‘Kodalith’ Transparent Stripping Film, Type 3 

FM-41 Kodalith ‘Autoscreen’ Ortho Film 

FM-42 ‘Kodalith’ Super Ortho Film S.O.F.5 

FM-42A ‘Kodalith’ Royal Ortho Film (‘Estar’ Base) 

FM-43 ‘Kodak’ Separation-Negative Film, Type | (‘Estar’ Base) 
FM-43A ‘Kodak’ Separation-Negative Film, Type 2 (‘Estar’ Base) 
FM-44 Kodak ‘Royal-X’ Pan Sheet Film 


FM-45 Kodak ‘Tri-X’ Pan Roll Film 

FM-46 Kodak ‘Tri-X’ Pan Professional Roll Film 
FM-47 Kodak ‘Panatomic-X’ Roll Film 

FM-48 Kodak ‘Plus-X’ Pan Professional Roll Film 
FM-49 Kodak ‘Verichrome’ Pan Roll Film 

FM-50 Kodak ‘Royal-X’ Pan Roll Film 


FM-51 Kodak ‘Panatomic-X’ Miniature Film 

FM-52 Kodak ‘Plus-X’ Pan Miniature Film 

FM-53 Kodak ‘Tri-X’ Pan Miniature Film 

FM-54 35mm ‘Kodak’ Quick-Finish Panchromatic Film 
FM-56 35mm ‘Kodak’ Fine-Grain Positive Film 

FM-57. 35mm Recordak ‘Micro-File’ Fine-Grain Print Film 
FM-58 35mm Recordak ‘Micro-File’ Panchromatic Film 


FM-59 Kodak ‘Super-XX’ Aero Film 

FM-60 ‘Kodak’ Recording Films 

FM-61 ‘Microdak’ Panchromatic Safety Film 

FM-62 Kodak ‘Panatomic-X’ Aero Film 

FM-63 ‘Kodak’ Radiation-Monitoring Film 

FM-64 Kodak ‘Plus-X’ Aerographic Film 

FM-65 ‘Kodagraph’ Contact Film (‘Estar’ Base) 
FM-65A ‘Kodagraph’ Projection Film (‘Estar’ Base) 
FM-65B Kodagraph ‘Autopositive’ Film (‘Estar’ Base) 


Associated Data Sheets contained in other sections 


SE-| General Information on ‘Kodak’ Negative Materials 

SE-2 General Classification of ‘Kodak’ Sensitized Materials 

SE-4 Lengths of ‘Kodak’ 16mm and Double 8mm Cine, and 35mm 
Miniature Films 

SE-5 ‘Kodak’ Photographic Materials for Electron Micrography 

SE-6 ‘Kodak’ Photographic Materials for Technical Use 

SE-8 Characteristics, Choice, and Availability of ‘Kodak’ Recording 
Materials 
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FILMS 


CONTENTS 

FM-IA 16mm Kodak ‘Ektachrome’ Commercial Film, 
Type 7255 

FM-IB ‘Kodak’ High-Speed ‘Ektachrome’ Films, Day- 
light Type and Type B 

FM-IC 16mm Kodak ‘Ektachrome’ EF Films, 7241 (Day- 
light) and 7242 (Tungsten) 

FM-ID Kodak ‘Ektachrome’ Films, Daylight Type and 
Type B—Process E-3 

FM-IE Kodak ‘Ektachrome-X’ Film, Daylight Type 

FM-IF 35 mm Kodak ‘Ektachrome’ Reversal Print Film 

FM-IG Kodak ‘Ektachrome’ Duplicating Film 

FM-2A ‘Kodachrome’ Il Films, Daylight Type and Type A 

FM-2B ‘Kodachrome-X’ Film, Daylight Type 

FM-3 Kodak ‘Ektacolor’ Professional Films, Type S and 
Type L 

FM-3A Kodak ‘Ektacolor’ Print Film 

FM-3B Kodak ‘Ektacolor’ Internegative Film 

FM-4A ‘Kodacolor-X’ Colour-Negative Film 

FM-5 16 mm Kodak ‘4-X’ Negative Film, Type 7224 

FM-6 16 mm Kodak ‘Plus-X’ Negative Film, Type 7231 

FM-9 16mm ‘Kodak’ High-Contrast Negative Film, 
Type 7457 

FM-I1 16 mm Kodak ‘Tri-X’ Reversal Film, Type 7278 

FM-12 16 mm Kodak ‘Plus-X’ Reversal Film, Type 7276 

FM-I5 Kodak ‘Royal Blue’ X-ray Film (‘Estar’ Base) 

FM-16 ‘Kodak’ Standard X-ray Film (‘Estar’ Base) 

FM-I7 ‘Kodirex’ X-ray Film (‘Estar’ Base) 

FM-18 Kodak ‘Blue Brand’ Medical X-ray Film (‘Estar’ 
Base 

FM-19 ‘Kodak Fast Dental X-ray Film (‘Estar’ Base) 

FM-24 ‘Kodak’ Radiograph Duplicating Film (‘Estar’ 
Base 

FM-25 Cok ‘Microtex’ X-ray Film (‘Estar’ Base) 

FM-27. Kodak ‘Industrex’ X-ray Film, Type D (‘Estar’ 
Base 

FM-28 Kodak ‘Crystallex’ X-ray Film (‘Estar’ Base) 

FM-30 ‘Kodalith’ Ortho Films, Type 3 

FM-30A ‘Kodalith’ Pan Film (‘Estar’ Base) 

FM-31 ‘Kodaline’ Standard Sheet Film 

FM-32 ‘Kodak’ Gravure Positive Film (‘Estar’ Thick Base) 

FM-33 ‘Kodak’ Process Sheet Film (‘Estar’ Thick Base) 

FM-34 ‘Kodak’ Commercial Ortho Sheet Film (‘Estar’ 
Thick Base) 

FM-35 Kodak ‘Tri-X’ Ortho Sheet Film (‘Estar’ Thick 
Base 

FM-36 Kodak ‘Plus-X’ Pan Sheet Film (‘Estar’ Thick 


Base) 


EDITION 


Issue B 
Issue C 
Issue B 
Issue D 


Issue A 
Issue A 
Issue A 
Issue E 
Issue B 
Issue E 


Issue B 
Issue A 
Issue C 


Issue A 
Issue D 
Issue B 


Issue E 
Issue E 


Issue C 
Issue C 
Issue C 
Issue C 


Issue D 
Issue B 


Issue C 
Issue C 


Issue C 


Issue D 
Issue C 
Issue C 
Issue A 
Issue B 
Issue D 


Issue A 


Issue D 


FM-37 
FM-38 


FM-39 
FM-4l 
FM-42A 
FM-43 


FM-43A 
FM-44 


FM-45 
FM-46 
FM-47 
FM-48 
FM-49 
FM-50 
FM-51 
FM-52 
FM-53 
FM-54 
FM-56 
FM-58 


FM-59 
FM-60 
FM-61 
FM-63 
FM-64 
FM-65 
FM-65A 
FM-65B 


FM-100 


Kodak ‘Tri-X’ Pan Professional Sheet Film 
(‘Estar’ Thick Base) 

Kodak ‘Panchro-Royal’ Sheet Film (‘Estar’ Thick 
Base) 

‘Kodak’ Commercial Fine-Grain Sheet Films 
Kodalith ‘Autoscreen’ Ortho Film 

Kodalith ‘Royal Ortho’ Films 

‘Kodak’ Separation-Negative Film, Type | (‘Estar’ 
Thick Base) 

‘Kodak’ Separation-Negative Film, Type 2 (‘Estar’ 
Thick Base) 

Kodak ‘Royal-X’ Pan Sheet Film (‘Estar’ Thick 
Base) 


Kodak ‘Tri-X’ Pan Roll Film 

Kodak ‘Tri-X’ Pan Professional Roll Film 
Kodak ‘Panatomic-X’ Roll Film 

Kodak ‘Plus-X’ Pan Professional Roll Film 
Kodak ‘Verichrome’ Pan Roll Film 

Kodak ‘Royal-X’ Pan Roll Film 

Kodak ‘Panatomic-X’ Miniature Film 

Kodak ‘Plus-X’ Pan Miniature Film 

Kodak ‘Tri-X’ Pan Miniature Film 

35 mm Kodak ‘Quick-Finish’ Panchromatic Film 
35 mm ‘Kodak’ Fine-Grain Positive Film 

35 mm Recordak ‘Micro-File’ Film, Type 5669 


Kodak ‘Super-XX’ Aero Film 

‘Kodak’ Recording Films 

‘Microdak’ Panchromatic Safety Film 

‘Kodak’ Radiation-Monitoring Film 

Kodak ‘Plus-X’ Aerographic Film 

‘Kodagraph’ Contact Film, ‘Estar’ Base, EC4 
‘Kodagraph’ Projection Film, ‘Estar’ Base, EP4 
Kodagraph ‘Autopositive’ Film, ‘Estar’ Base, 
EA4 

‘Kodatrace’ Tracing Material 


Associated Data Sheets in other sections 


RF-10 
XR-| 
SC-7 
SE-| 
SE-IA 
SE-2 
SE-4 


SE-5 


Issue A 
Issue D 


Issue B 
Issue C 
Issue B 
Issue D 


Issue B 


Issue C 


Issue D 
Issue C 
Issue E 
Issue B 
Issue D 
Issue D 
Issue D 
Issue E 
Issue D 
Issue C 
Issue C 
Issue A 


Issue B 
Issue D 
Issue C 
Issue B 
Issue B 
Issue B 
Issue B 
Issue B 


Issue D 


The Dimensional Stability of Photographic Films and Plates 


‘Kodak’ X-ray Film Speeds 
Infra-Red Photography 


General Information on ‘Kodak’ Negative Materials 


Contrast Index 
General Data on ‘Kodak’ Sensitized Materials 


Lengths of ‘Kodak’ 8 and 16mm Cine, and 35 mm Miniature 


Films 


‘Kodak’ Photographic Materials for Electron Micrography 


Kodak, Kodalith, Recordak, Kodagraph, and product names quoted thus— 


‘Ektachrome’—are trade marks 


KODAK LIMITED LONDON 
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KODAK ‘EKTACHROME’ SHEET FILM 
DAYLIGHT TYPE AND TYPE B 


PROCESS E-I 


General properties and uses: These are multi-layer, colour, sheet films 
designed for general colour photography and intended for reversal pro- 
cessing by the user to produce full-colour positive transparencies which 
are also entirely suitable for colour reproduction processes. Any sheet- 
film camera fitted with a sufficiently well colour-corrected lens is suitable 
for exposing ‘Ektachrome’ film, which should be inserted in the camera 
with the emulsion towards the lens. 


Sensitization: ‘Ektachrome’ film is sensitive to all colours of the visual 
spectrum and must therefore be handled in total darkness. 


‘EKTACHROME’ FILM DAYLIGHT TYPE 


This is balanced for exposure in sunlight, but by the use of different 
filters can satisfactorily be used with other types of illumination. 


‘EKTACHROME” FILM TYPE B 


The colour sensitivity of this film is adjusted to produce correctly 
colour-balanced transparencies when exposed to light having a colour 
temperature of 3100°-3200° K., such as is given by ‘Argaphoto’, Photo- 
pearl or Pearl Photographic 500-watt lamps, or to other illuminants when 
suitable filters are used. 


Storage of unexposed film: Careful storage plays a Jarge part in main- 
taining unexposed ‘Ektachrome’ film in good condition. Unexposed film 
should be kept in a cool place, and to ensure best results films should 
be processed as soon as possible after exposure. 

The moisture-tight cartons of ‘Ektachrome’ film carry an expiry date, 
and film should be exposed and processed by this date if results of the best 
quality are to be obtained. It is strongly urged that stocks should be 
arranged so that films are issued and used in the sequence of the expiry 
dates. 

Changes may occur in ‘Ektachrome’ film with age, especially if stored 
under adverse conditions, and these may impair the colour balance of the 
final transparency. The problem of storage is fully discussed in Data 
Sheet CL-4, ““The Storage of Colour Films”. 

Films are best stored away from steam pipes, radiators, hot-air ducts and 
other sources of heat, and also protected from moisture once they have 
been opened. If stored near radio-active material or an X-ray machine, 
films must be protected from their effects by an adequate thickness of lead 
or some other protective material. 


Filters: The purpose of the various filters listed in the tables overleaf is 
to enable ‘Ektachrome’ film to be exposed successfully by a different type 
of illumination from that for which it is balanced. Further information 
may be found in Data Sheet CL-3. 


Issue A Kodak Data Sheet 
FM.-1 


‘EKTACHROME?’ FILM DAYLIGHT TYPE 


: Increase 
Use in Exposure 


In bluish daylight or when an excess of 
ultra-violet radiation is present . . .{ ‘Wratten’ No. 1A None 
(‘Kodak’ Skylight) 


With white-flame, carbon-arc lamps. . .| ‘Kodak’ CC-40Y 4 stop 


With xenon-filled electronic flashtubes .| See supplementary — 
instruction sheet in 
each box of film 

With Colour-matching or Nerenllehs 

fluorescent tubes . . » . . «| ‘Kodak’ CC-05B 


With daylight fluorescent tubes . : ‘Kodak’ CC-05M plus 
CC-05B 





‘EKTACHROME?’ FILM TYPE B 


Increase 
in Exposure 





In daylight eh Fie ‘Wratten’ No. 85B 
With Photoflood lamps . . | ‘Wratten’ No. 81A 


With clear wire-filled or foil-filled flash- 
bulbs... % ‘Wratten’ No. 81C 


With warm-white fluorescent tubes. . . ‘Kodak’ CC-20R plus 
CC-05R 


A series of brownish filters which may be | ( ‘Wratten’ No. 81 
used for reducing the effective colour | | ‘Wratten’ No. 81A 
temperature of illuminants when this |< ‘Wratten’ No. 81B 
cannot be conveniently controlled by | | ‘Wratten’ No. 81C 
adjusting the mains voltaget . . . . | ‘Wratten’ No. 8IEF 


A series of bluish filters which may be used | ( 
for increasing the effective colour tem- 
perature of illuminants when this cannot |< 
be conveniently controlled ey selene | 
the mains voltage? alu 


‘Wratten’ No. 82 

| ‘Wratten’ No. 82A 
‘Wratten’ No. 82B 
‘Wratten’ No. 82C 





* The appropriate exposure index should be used as given on page 3. 
+ Exposure recommendations are given on page 5. 


$ The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter or by practical trial. Further information may be found in Data Sheet CL-5. 
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Speed and exposure: As with all forms of colour material, ‘Ektachrome’ 
film requires more precise estimation of exposure than is necessary with 
monochrome materials. Errors in exposure affect the colour balance 
considerably and it is therefore desirable that exposures be gauged 
correctly, to within half a stop if possible. 

The exposure indices in the following table are suitable for use with 
meters and calculators based on the B.S.I. or ASA system :— 








WESTON 
EXPOSURE INDICES METER 
SETTINGS 





FILM TYPE 





Logarithmic Arithmetical rae 

S = Daylight 1 : 

Daylight | 3200, | Daylight | 3700) K- ue 
Daylight Type . . .| 22° 19+ 12 6t 10 
TypeB . 2... 19x 21° 6* 10 5* 


+With Kodak ‘Wratten’ Filter No. 80B. However, the use of Type B film remains the prime recom- 
mendation with 3200 K. lamps. 


* With Kodak ‘Wratten’ Filter No. 85B. 


‘EKTACHROME’ FILM DAYLIGHT TYPE 


Daylight Exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky can be minimized by the 
use of a Kodak ‘Wratten’ Filter No. 1A (‘“Kodak’ Skylight), which requires 
no increase in exposure. 

The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset during 
the summer months. In spring and autumn the aperture should be 
opened by half a stop, and in winter by a whole stop :— 











CLEAR SUN FALLING ON 
SUBJECT 
TYPE 








CLOUDY- OPEN 
BRIGHT SHADE t+ 










FRONT OF SIDE OR 
SUBJECT BACK* 
















Light 1/50th at f,9 |1/50th at f/8 |1/S5Oth at f/6-3|1/50th at f/4-5]1/50th at f/3°5 
Averaget . |I/S0th at f.8 |I/50th at f/6-3/1/SOth at f/5-6|1/50th at f/4 |1/25th at f/4 
Dark 1/50th at f’6-3|1/50th at f/5-6]1/50th at f/4-5/| /5Oth at f/3-5| 1 /25th at f/3-5 






* With back-lit close-up subjects containing important shadow detail, ; to | stop more exposure should 
be given. With side or back lighting, supplementary flash is frequently useful—see below. 


tSubjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


This classification should be used if in doubt. 


Supplementary Flash in Daylight: In bright sunlight the lighting con- 
trast is frequently excessive, particularly with close-up subjects lit from the 
side or back. This contrast can be lowered, and a natural effect retained, 
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by the use of a reflector (see Data Sheet CL-7), or by the judicious use of a 
“fill-in” light source in the form of a supplementary flash. In the follow- 
ing table a range is given of lamp-to-subject distances for a typical combina- 
tion of shutter speed and aperture :— 


BLUE FLASHBULB (CLASS M) 


TYPICAL 
SHUTTER SPEED 


AND APERTURE PF. 1/97 PF. 25,97 


or No. 5B 


1/50th sec. at f'8 . 6-8 feet * 8-11 feet * 





*At shorter distances a white handkerchief should be draped over the bulb and reflector. 


Blue Flash-bulbs : Although intended for supplementing daylight, blue 
flashbulbs can be used in an emergency as the sole light source. The 
results should not, however, be expected to match the colour quality of 
transparencies made on ‘Ektachrome’ Film, Type B, exposed with clear 
flashbulbs and using the Kodak ‘Wratten’ Filter No. 81C. To determine 
the recommended f/ number for average subjects, the guide number 
should be divided by the selected flashbulb-subject distance (in feet). For 
dark-coloured subjects the aperture should be opened by half a stop; for 
light-coloured subjects the aperture should be closed by half a stop. 


BLUE FLASHBULB Open flash 


(Class M) and 1/25th sec. 1/100th sec. 
PF.60/97 ) “3 
No. 22B 








‘EKTACHROME’ FILM TYPE B 


Tungsten Light Exposures: The illuminant used for exposing this film 
must approximate fairly closely to the colour quality for which the film is 
balanced in manufacture; it is therefore necessary to take account of the 
differences in colour quality of various light sources. It is even more 
important to avoid mixing different types of light in the illumination of a 
subject, as this will produce local variations in colour balance. For studio 
colour photography it is a fairly basic rule that all lights should be of the 
same colour temperature to within 100° K. Because the range of tones, 
from highlight to shadow, which colour film will record successfully is 
somewhat short, it is preferable to avoid subjects in which there is signifi- 
cant detail in both extreme highlights and deep shadow. The contrast of 
lighting between the highlight and shadow areas is best kept as low as 3:1, 
and, unless special effects are desired, should not exceed 4:1; on subjects 
which are to make transparencies for reproduction, it can with advantage 
be kept down to a ratio of 2:1. The table given below suggests approxim- 
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ate exposures for average subjects in a room or studio with light walls and 
furnishings. It is based on the use of two 500-watt lamps (3100°-3200° K.) 
in studio lighting units, both lamps being at the same distance and within 
45° of the camera-subject axis :— 


Distance of Lamps from Subject (ft.) 10 14 20 


Exposure—l secondat . .... f/8 f/5°6 f/4 





Exposures will vary to some extent according to the shape and surface 
of the reflectors used, and also the amount of reflected light from walls, 
ceilings, etc. This table, therefore, should be used only as a basis for 
practical experiments. 


Flashbulb Guide Numbers: The flashbulb guide numbers given below 
assume the use of a Kodak ‘Wratten’ Filter No. 81C and apply for average 
subjects in a studio or large room when using a reflector suitable for the 
particular flashbulb. The guide number should be divided by the selected 
flashbulb-subject distance (in feet) to obtain the recommended f/number. 
These guide numbers serve as a guide to the correct exposure, but should 
be used only as a basis for practical trial. Further information concerning 
the conditions of use may be found in Data Sheet RF-8. 












FLASHBULB 


SHUTTER 


Class M cee Class FP 
SPEED 





No. 22 
préo | PF.10O | PF.24 | PF.45 


Open flash and 


1/25th sec. . 84 100 40 68 


64 _ 30 52 






1/100th sec. 


Example—Shutter speed of 1/100th second using a PF.60 flashbulb = 64 = I6 ft. x f/4, or f/8 x8 ft. 


Class M—flashbulbs taking a time of 18-23 milliseconds to reach peak. For use with diaphragm shutters 
with F-synchronization or X-synchronization at shutter speeds of |/25th second or longer, and with 
M-synchronization at shutter speeds of |/50th second or shorter. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak. For use with diaphragm shutters with 
M-synchronization or F-synchronization at shutter speeds of I/25th second or longer, and with 
X-synchronization at shutter speeds of I/10th second or longer. 


Class FP—flashbulbs having a long duration over half peak. For use with focal-plane shutters. 


Daylight Exposures with Type B Film: When Type B film is used in 
daylight a Kodak ‘Wratten’ Filter No. 85B must be used over the camera 
lens. The following table may be used as a guide to the correct exposure, 
when such conditions are observed, for the period from two hours after 
sunrise to two hours before sunset during the summer months. In spring 
and autumn the aperture should be opened by half a stop, and in winter by 
a whole stop. The use of a Kodak ‘Wratten’ Filter No. 1A (‘Kodak’ 
Skylight) is superfluous when the 85B filter is used. 
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CLEAR SUN FALLING ON 


SUBJECT pan WN et 
TYPE FRONT OF SIDE OR sean Cee bas OPEN 


SUBJECT BACICE SUN BRIGHT SHADE + 
Light. . |I'25thatf9 |I 2thatf8 |I 2cthatf 6-3]1 25th at f 4°5/1/25th at f/3-5| 
Average + |! 25thatf8 |1 25th atf 6-3]| 25th at f 5-6) 25cthatfi4 |1/lOth at f/4-5) 
Dark. . |I 25th at f 6-3)! 25th atf.5°6/1 25th at f 4°5/1 25th at f/3°5/1/l0th at f/4 










*With back-lit close-up subjects containing important shadow detail, $ to | stop more exposure should 
be given. With side or back lighting, supplementary flash is frequently useful—see pages 3 and 4. 


tSubjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


This classification should be used if in doubt. 


Processing chemicals: The full clarity and accuracy of colour obtainable 
in the transparencies can be brought out only by the use of ‘Ektachrome’ 
Processing Chemicals for Process E-I. Process E-2 chemicals must not 
be used for ‘Ektachrome’ Sheet Films. All the chemicals necessary for 
preparing a complete set of processing solutions are available as a packed 
kit. Kits are available containing the correct quantities of chemicals to 
make 70 fluid oz. (2 litres), or 3 gallons of each of the solutions. In 
addition, the First Developer and the Colour Developer are available 
separately. The mixing directions given on each package must be 
followed carefully and it is advisable to use separate containers for mixing 
working solutions, to minimise the risk of contaminating one solution with 
another. 

Each 70 oz. (2 litres) of solution can be used to process about 4 square 
feet of film with practically no change in the results. About 5 square feet 
can be processed without changing the colour quality seriously, except for 
the most critical uses. 

If dish-processing is to be used, the whole of the contents of each unit 
should be dissolved, made up to correct volume and immediately divided 
among a number of fully filled and tightly corked bottles, each correspond- 
ing to a single loading of the dish. The dishes should be emptied and 
washed after each film. 

Clean, sediment-free tap water is essential for aJl solutions and for the 
rinse and wash baths. In some localities it may be necessary to install 
filtering systems in the hot and cold water supply pipes. 

For best results, processing solutions should be mixed immediately 
before use and should be used within, at the most, three to four days of 
mixing. If necessary, however, unused solutions can be kept for two 
weeks in full, tightly stoppered bottles, without an excessive influence on 
the colour balance. Partially used solutions should not be stored for more 
than one week or inferior results will be obtained. All solutions are best 
stored in a cool atmosphere. In use, careful precautions should be taken, 
especially with the developers, to avoid the effects of deterioration by 
oxidation. In tank processing, which is recommended, the solutions 
should be protected by floating lids. Pouring back and forth from pro- 
cessing vessel to stock bottle accelerates deterioration and should be 
avoided as far as possible. In dish processing, the solutions should be 
discarded after one use. 
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One chemical solution must not be allowed to contaminate another. 
It is especially important not to allow any of the Clearing and Fixing Bath 
to get into the First Developer, Hardener, or Colour Developer. The 
best procedure is to use the same tanks or dishes for the same solutions 
each time, and to make sure that each tank or dish is thoroughly washed 
before it is re-used. 


Processing equipment: Tanks are recommended in preference to dishes 
because the emulsions used in ‘Ektachrome’ film are physically somewhat 
softer than those of black-and-white films and call for greater precautions 
against abrasions; other important reasons are that temperature control is 
much more practicable with tanks than with dishes and that processing 
solutions in tanks show greater stability. 


If only small amounts of ‘Ektachrome’ film are to be processed, the work 
can be done successfully in dishes, but it involves the greatest care in the 
handling of the films, the closest attention to the temperature of the 
solutions during the whole of the processing period, and continuous agita- 
tion of the solutions. 


The recommended equipment for the 70-oz. kit consists of a set of 
seven ‘Kodak’ No. 2L Processing Tanks, five for the five solutions made up 
from the ‘Ektachrome’ Processing Kit, a sixth as a washing tank and a 
seventh (which can be dispensed with if necessary) for a solution of 
Kodak ‘Photo-Flo’. For the 3-gallon size, tanks of the No. 3 Pro- 
cessing Tank Assembly will be found suitable. As an alternative to these 
specially made tanks, those of glass, stoneware, hard rubber or waxed 
wood are quite satisfactory. Stainless-steel tanks can be used if desired, 
but the tank for the Bleach must be lead-lined, as this solution has a 
corrosive action on stainless steel. Tanks should accommodate ‘Kodak’ 
No. 3 Clip Hangers (which are designed for automatic film loading by 
means of the ‘Kodak’ Film Loading Fixture) and they must be of such 
dimensions that the prepared solution fills the tanks to a level above the 
tops of the suspended films. 


A galvanized-iron or similar tank should be provided for use as a water- 
jacket for the five processing tanks. This outer tank ensures uniformity 
of the temperatures of all five solutions. 


If a ‘Kodak’ No. 2L Processing Tank is used for film washing, it is 
important to allow the water to overflow the rim of the tank, so as to 
ensure that the clips and frame of the hanger are washed. 


In addition to the above, a mixing valve on the incoming hot and cold 
water pipes will help in controlling the temperature of the washing water 
to between 73° and 77° F., as required. 


Other equipment required includes an accurate and clearly scaled 
thermometer, and a timer for measuring the processing periods. 


It is necessary to provide a fixture for holding a No. 1 Photoflood lamp 
and a sheet of glass 12 inches square: for greater convenience this equip- 
ment may be duplicated. The lamp is used for making the reversal 
exposure, and the glass protects it from water drops, thereby reducing the 
danger of its shattering. 
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Processing procedure: Since ‘Ektachrome’ film is sensitive to all colours, 
it must be handled in total darkness throughout the first 14 minutes of 
processing. This carries it through the First Developer, the rinse that 
follows, and the essential minimum 3 minutes of the Hardener. After 
that, the room lights can be turned on and the rest of the operations carried 
out in the comfort of adequate light. 


All solutions must be stirred thoroughly before use. 


Temperature: The First Developer should be used at 75°F. Good 
results depend on accurate control at this stage of the processing, and 
variations of more than 0:5° F. from the standard temperature should not 
be allowed. 


All other solutions and the washing water should be used at 73° to 77° F. 
The temperature of the solutions can be finely adjusted, where necessary, 
by immersing test tubes containing hot water, or ice. 


Approximate Centigrade equivalents of the Fahrenheit temperatures 
mentioned below are listed in a table in the Appendix. 


Agitation : When the film is immersed in the First Developer (Step 1), 
the rinse following (2), and the Hardener (3), it should be agitated con- 
tinuously for the first 15 seconds by raising and lowering several times. In 
addition, in all the solutions, it should be agitated once every minute by 
lifting it entirely out of the solution and draining it for 5 seconds from one 
corner. The film should be drained alternately from each of the bottom 
corners. Careful standardisation of this procedure is important; devia- 
tions may lead to variations in colour balance. 


1 Develop the film in the First Developer. After adjusting the 
temperature of the First Developer to 75° F., turn out all the lights and 
load the film into the developing hangers. Place the film in the First 
Developer and begin timing the operation. At the end of 10 minutes 
drain the film for 5 seconds and then pass it to the rinse bath. 


2 Rinse the film in running water, thoroughly, for 1 minute at 73° to 
77° F. Asurface scum may be produced if proper attention is not given 
at this step. 


3 Harden the film in the Hardener for 3 to 10 minutes at 73° to 77° F. 
After the film has been in the Hardener for 3 minutes, the room lights can 
be turned on and left on for the rest of the processing. Do not wash the 
film before the reversal exposure. 


4 Reversal exposure. Remove the film from the Hardener, drain off 
the excess solution, then expose each side for 5 seconds to the light of a 
No. 1 Photoflood lamp placed 1 foot from the film, or hold the film for 
5 seconds midway between two No. | Photoflood lamps spaced 2 feet apart. 


Caution : In use, Photoflood lamps become very hot and will shatter if 
any liquid is allowed to splash on them. Place sheets of glass 
where they will protect the lamps from splashes. 


5 Wash the film in running water for 3 minutes at 73° to 77° F. 
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6 Colour development. Develop the film in the Colour Developer 
for 15 minutes at 73° to 77° F. 


7 Wash the film in running water for 5 minutes at 73° to 77° F. 


8 Clear the film in the Clearing and Fixing Bath for 5 minutes at 73° to 
77° F. This solution should be saved for use in Step 12. 


9 Rinse the film in running water for } to 14 minutes at 73° to 77° F. 


10 Bleach the silver image by immersing the film for 8 minutes in the 
Bleach at 73° to 77° F., agitating thoroughly. (Note the warning on the 
label.) 


Il Rinse the film in running water for 1 minute at 73° to 77° F. 
g 


12 Fix the film in the Clearing and Fixing Bath for 3 minutes at 73° to 
77° F. Use the same solution as used in Step 8. 


13 Wash the film in running water for 8 minutes at 73° to 77° F. carefully 
swabbing off any surface scum. 


14 Remove water droplets by bathing the film in ‘Photo-Flo’ solution 
(in the dilution recommended on the label of the bottle) for 1 minute at 
73° to 77° F., or by wiping the film with a chamois leather or a soft sponge. 
The wetting agent treatment is preferable since it reduces the danger of 
damage to the emulsion and facilitates uniform drying. 


NOTE: This step should not be used if it is intended subsequently to 
cement the transparency to glass, as described in Data Sheet GN-8. 


15 Dry the film in the usual manner, avoiding excessive heat. Until the 
film is dry, it appears opalescent, but this does not indicate improper 
fixing; its true appearance cannot be judged until it is dry. 


A summary of the above steps may be found in a table in the Appendix. 


If solutions are to be left for any length of time standing in their tanks 
they should be protected from oxidation by the use of floating lids. When 
solutions are not used for eight or more hours, they should be stirred 
thoroughly before processing is resumed. 


Storage of transparencies: Full information may be found in Data Sheet 
CL-4. 


9 FM-| 


APPENDIX 


To obtain the optimum result on ‘Ektachrome’ film it is recommended 
that all processing solutions be maintained at 75° F. (24° C.). When this 
is inconvenient or impracticable, an alternative procedure may be used in 
which only the First Developer (Step 1), and the Colour Developer (Step 6) 
need be maintained at 75° F., the remaining solutions being used at 
approximately 68° F. 

The modified times for each step of the standard and alternative 
procedures and the permissible tolerances of temperature are given below. 
Other details will be found under the appropriate step numbers on pages 
8 and 9. 


Standard Procedure Alternative Procedure 


Time Time 


id mperature ; Temperature 
(minutes) Temp (minutes) P 


75°F. + 0°5° 
73° to 77° F. 
73? to 77° F. 


. First Developer 75°F. + 0°5° 
Rinse 65° to 72° F. 
Hardener 66° to 70° F. 
Reversal exposure _— 
Wash 65° to 72° F. 
Colour Developer 73° to 77° F. 
Wash 65° to 72° F. 
. Clearer 66° to 70° F. 
Rinse 65° to 72° F. 
. Bleach 66° to 70° F. 
. Rinse 65° to 72° F. 
. Fixer 66° to 70° F. 
. Wash 65° to 72° F. 
. Final rinse 65° to 72° F. 
. Drying _— 


73° to 77° F. 


73° to 77° F. 
73° to 77° F. 
73° to 77° F. 
73° to 77° F. 
73° to 77° F. 
73° to 77° F. 
73° to 77° F. 
73° to 77° F. 
73° to 77° F. 


SY ONenawN— 


GRO 





The room lights should not be switched on until the film has been in 
the Hardener (Step 3) for at least 3 minutes. 


APPROXIMATE CENTIGRADE EQUIVALENTS OF FAHRENHEIT TEMPERATURES 


18°C. 72° F. + 22°C, 


19°C. 73> F. . 23°C. 
20 C. 75 F. . 24°C. 
21 C. 77 Fz ~ £25 °C. 





Kodak, Wratten, Ektachrome and Photo-Flo are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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KODAK “EKTACHROME’ FILMS 


THE four varieties of film at present available are :— 
‘Ektachrome’ Sheet Film, Daylight Type—Process E-1. 
‘Ektachrome’ Sheet Film, Type B—Process E-1. 
‘Ektachrome’ Roll and Miniature Film, Daylight Type—Process E-2. 
‘Ektachrome’ Roll and Miniature Film, Type F—Process E-2. 





General properties and uses: These are multi-layer colour films designed 
for general colour photography and intended for reversal processing by 
the user to produce full-colour positive transparencies which are also 
entirely suitable for colour reproduction processes. 


Sensitization: ‘Ektachrome’ films are sensitive to all colours of the visible 
spectrum and must therefore be handled in total darkness. 


‘EKTACHROME’ FILMS, DAYLIGHT TYPE 
These are balanced for exposure in sunlight, but by the use of different 
filters can satisfactorily be used with other types of illumination. 


‘EKTACHROME’ FILM, TYPE B 
The colour sensitivity of this film is adjusted to produce correctly 
colour-balanced transparencies when exposed to light having a colour 
temperature of 3100°-3200°K, such as is given by ‘Argaphoto’, Photo- 
pearl or Pearl Photographic 500-watt lamps, or to other illuminants when 
suitable filters are used. 
‘EKTACHROME’ FILM, TYPE F 
This film is balanced for exposure with clear wire-filled or foil-filled 
flashbulbs, but, by the use of suitable filters, can be exposed to Photo- 
flood illumination or to lamps having a colour temperature of 
3100°-3200°K (‘Argaphoto’, ‘Photopearl’ or Pearl Photographic), or to 
daylight. 


Storage of unexposed film: Careful storage plays a large part in main- 
taining unexposed ‘Ektachrome’ film in good condition. Unexposed film 
should be kept in a cool place, and to ensure best results films should 
be processed as soon as possible after exposure. 

The moisture-tight cartons of ‘Ektachrome’ film carry an expiry date, 
and film should be exposed and processed by this date if results of the best 
quality are to be obtained. It is strongly urged that stocks should be 
arranged so that films are issued and used in the sequence of the expiry 
dates. 

Changes may occur in ‘Ektachrome’ film with age, especially if stored 
under adverse conditions, and these may impair the colour balance of the 
final transparency. The problem of storage is fully discussed in Data 
Sheet CL-4, “The Storage of Colour Films’’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, and 
other sources of heat, and must be protected from moisture once they have 
been opened. If stored near radio-active material or an X-ray machine, 
films must be protected from their effects by an adequate thickness of lead 
or some other protective material. 


Issue B Kodak Data Sheet 
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Filters: The purpose of the various filters listed in the tables below is 
to enable ‘Ektachrome’ film to be exposed successfully by a different type 
of illumination from that for which it is balanced. Further information 
may be found in Data Sheet CL-3. 


‘EKTACHROME?’ FILMS, DAYLIGHT TYPE 


Increase 


Use ‘Kodak’ Filter in Exposure 


In bluish daylight or when an excess of 
ultra-violet radiation is present . . .| ‘Wratten’ No. lA None 
(‘Kodak’ Skylight) 
With white-flame, carbon-arc lamps. . .| CC 40Y 4 stop 
With xenon-filled electronic flashtubes. .| See supplementary _ 
instructions in each 
box of sheet film 
With Colour-matching or Northlight 
fluorescent tubes . . . . . . «. «| CCO5B 4 Stop 


With daylight fluorescent tubes . ae CC O05Mplus CC 05B] 4 stop 


‘EKTACHROME?’ FILM, TYPE B 


' eer Increase 
Use Kodak’ Filter in Exposure 


With 3100°-3200°K lamps. » . . «| No filter 


Indaylight 2. 2... 2... ‘Wratten’ No. 85B 
With Photoflood lamps . . . . . «| ‘Wratten’ No. 81A 


With clear wire-filled or foil-filled flash- 
bulbs . . ‘Wratten’ No. 81C 


With warm-white fluorescent tubes. . . | CC 20R plus CC O5SR 


A series of brownish filters which may be | ( ‘Wratten’ No. 81! 
used for reducing the effective colour | | ‘Wratten’ No. 81A 
temperature of illuminants when this |< ‘Wratten’ No. 8IB 
cannot be conveniently controlled by | | ‘Wratten’ No. 81C 
adjusting the mains voltage} . . . . | ‘Wratten’ No. 81EF 


A series of bluish filters which may be used ‘ , 
for increasing the effective colour tem- [ Wratten Re 
perature of illuminants when this cannot Wroceen! No. 828 
be conveniently controlled By agiiscng | ‘Wr teen? Ne fc 
the mains voltage} etree 





* The appropriate exposure index should be used as given on page 4. 
+ Exposure recommendations are given on pages 7 and 8. 


$ The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter or by practical trial. Further information may be found in Data Sheet CL-5. 
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‘EKTACHROME?’ FILM, TYPE F 


7 ope Increase 
Kodak’ Filter in Exposure 


With clear wire-filled or foil-filled flash- 
bulbs . .. ‘ No filter 


In daylight . «| ‘Wratten’ No. 
With Photoflood lamps . : ‘Wratten’ No. 
With 3100°-3200°K lamps . | ‘Wratten’ No. 
With warm-white fluorescent tubes . ; cc 10M 


A series of brownish filters which may be ‘Wratten’ No. 
used for reducing the effective colour | | ‘Wratten’ No. 
temperature of illuminants when this |~2 ‘Wratten’ No. 
cannot be conveniently controlled PY. ‘Wratten’ No. 
adjusting the mains voltaget . . . ‘Wratten’ No. 


A series of bluish filters which may be used | (, , 
for increasing the effective colour tem- ‘Wratten’ No. 
perature of illuminants when this cannot ‘Wratten’ No. 
be conveniently controlled a aves ‘Wratten’ No. 
the mains voltaget. . . : Wratten’ No. 





* Exposure recommendations are given on pages 7 and 8. 
+ The appropriate exposure index should be used as given overleaf. 


¢ The appropriate choice of filter for a given illuminant is best made by means of a colour-temperature 
meter or by practical trial. Further information may be found in Data Sheet CL-5. 


Speed and exposure: As with all forms of colour material, ‘Ektachrome’ 
films require more precise estimation of exposure than is necessary with 
monochrome materials. Errors in exposure affect the colour balance 
considerably and it is therefore desirable that exposures be gauged 
correctly, to within half a stop if possible. 

The meter settings in the following table are suitable for use with 
meters and calculators scaled in B.S. (logarithmic) or A.S.A. 
(arithmetical) exposure indices. In the body of the table, the alpha- 
betical letters against certain of the figures indicate the use of a 
particular filter, the factor for which is embodied in the figure con- 
cerned. The key to the letters is given in the footnotes to the table. 
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B.S./A.S.A. EXPOSURE INDICES WESTON SPEED 















oe Oat On eee ee It oS EP ae Se ee . * 
Logarithmic (B.S.) | Arithmetical (A.S.A.) FIGURES 
‘ Photo- | 3200°K Photo- | 3200°K ; Photo- | 3200°K 
Daylight flood lamps Daylight flood lamps Daylight flood lamps 
































‘EKTACHROME’ FILM, DAYLIGHT TYPE—Process E-! 
a Pet No le ee Nie ee fig erelitayce shee a ee 


‘EKTACHROME’ FILM, DAYLIGHT TYPE—Process E-2 
26° neers = 32 | Hn 24 | 10A 










| = 
‘EKTACHROME’ FILM, TYPE B 
19°B fives | oI 6B | 8C | 10 | 5B | 6C | 8 


‘EKTACHROME?’ FILM, TYPE F 
23°D | 23°E [ae 6D | 16E | 12F | 12D 





12E | |OF 


* With the Weston Master Ill Exposure Meter, use instead the arithmetical exposure indices. 
A—With Kodak ‘Wratten’ Filter No. 80B. However, the use of Type B or Type F film is the prime 
recommendation for artificial-light work. 
B—With Kodak ‘Wratten’ Filter No. 85B. 
C—With Kodak ‘Wratten’ Filter No. BIA. E—With Kodak ‘Wratten’ Filter No. 82A. 
D—With Kodak ‘Wratten’ Filter No. 85C. F—With Kodak ‘Wratten’ Filter No. 82C. 
Daylight exposure tables: In general, the best colour rendering is obtained 
in clear or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky can be minimized by the 
use of a Kodak ‘Wratten’ Filter No. 1A (‘Kodak’ Skylight), which requires 
no increase in exposure, but this is superfluous with the Type B and 
Type F films which must be used with the No. 85B and the No. 85C 
filters, respectively. 


The following tables may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset during 
the summer months. In spring and autumn the aperture should be 
opened by half a stop, and in winter by a whole stop :— 


‘EKTACHROME’ FILM, DAYLIGHT TYPE—Process E-I 


CLEAR SUN FALLING ON 
SUBJECT ee ee 
TYPE FRONT OF SIDE OR aca 
SUBJECT BACK* 


Light . |1/50thatf/9 |1/SOth at f/8 |1/50th at f/6-3}1/50th at f/4-5}1/50th at f/3-2 
Average} |1/50th at f/8 | 1/S0th at f/6°3]1 /SOth at f/5°6]1/50th at f/4 | 1/25th at f/4 
Dark . |1/50th at f/6°3}1/50th at f/5-6)1/50th at f/4-5]1/50th at f/3-2]1 /25th at f/3-2 





NOTE: 1/60th and 1/30th second, respectively, may be used instead of 1/50th and 1/25th second. 


* With back-lit close-up subjects containing important shadow detail, $ to | stop more exposure should 
be given. With side or back lighting, supplementary flash is frequently useful—see page 6. 

+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 

+ This classification should be used if in doubt. 
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‘EKTACHROME’ FILM, DAYLIGHT TYPE—Process E-2 


Shutter speed ,1,th or ;1,th second throughout 


CLEAR SUN FALLING ON 


SUB )EOT Wore rae | 
TYPE FRONT OF SIDE_OR CLOUDY OFEN 


SUBJECT™ BACK} BRIGHT SHADEt 


Light . f/12-5 fill f/6°3 fi4-5 
Average§ f/ll f/9 f/5°6 f/4 
Dark . f/9 f/8 f/4-5 f/3-2 





* For subjects on light sand or snow, 4 stop less exposure should be given. 


t With back-lic close-up subjects containing important shadow detail, 4 to | stop more exposure should be 
given. With side or back lighting, supplementary flash is frequently useful—see overleaf. 


¢ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


§ This classification should be used if in doubt. 


‘EKTACHROME’ FILM, TYPE B 
with a Kodak ‘Wratten’ Filter No. 85B* 


CLEAR SUN FALLING ON 
SUBJECT |———______——— 
TYPE FRONT OF SIDE OR 

SUBJECT BACKt 


CLOUDY- 
BRIGHT 


Light . |1/25thatf/9 |t/25thatf/8 |I/25th at f/6-3}1 /25ch at f/4-5|I /25th at f/3-2 
Average§ |1/25th at f/8 |1/25th at f/6-3]1/25th at f/5-6/1/25th at f/4 |1/l0th at f/4-5 
Dark . |1/25that f/6-3]1/25th at f/5-6|1/25th at f/4-5]1/25th at f/3-2|1/ 10th at /3°5 





NOTE: 1/30th second may be used instead of 1/25th second. 
* The use of a Kodak ‘Wratten’ Filter No. 1A (‘Kodak’ Skylight) is superfluous when the 85B filter is used. 


+ With back-lit close-up subjects containing important shadow detail, 3 to | stop more exposure should 
be given. With side or back lighting, supplementary flash is frequently useful—see overleaf. 


$ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


§ This classification should be used if in doubt. 


‘EKTACHROME’ FILM, TYPE F 
with a Kodak ‘Wratten’ Filter No. 85C* 


Shutter Speed—,i,th or ;|,th second throughout 


CLEAR SUN FALLING ON 


SUBJECT 
CLOUDY- 


TYPE | FRONT OF SIDE OR 
SUBJECT ** BACKt+ BRIGHT 


Light . fi f/8 f/4°5 
Average§ f/8 f/6-3 / fi4 
Dark . f/6-3 f/5-6 f/3°2 





* The use of a Kodak ‘Wratten’ Filter No. 1A (‘Kodak’ Skylight) is superfluous when the 85C filter is used. 
** For subjects on light sand or snow, + stop less exposure should be given. 


+ With back-lit close-up subjects containing important shadow detail, } to | stop more exposure should 
be given. With side or back lighting, supplementary flash is frequently useful—see overleaf. 


+ Subjects shaded from the sun but lit bya large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


§ This classification should be used if in doubt. 
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Supplementary flash in daylight: In bright sunlight the lighting con- 
trast is frequently excessive, particularly with close-up subjects lit from the 
side or back. This contrast can be lowered, and a natural effect retained, 
by the use of a reflector (see Data Sheet CL-7), or by the judicious use of a 
“fill-in” light source in the form of a supplementary flash. In the follow- 
ing table a range is given of lamp-to-subject distances for typical combina- 
tions of shutter speed and aperture for the two types of Daylight film:— 


BLUE FLASHBULB (Class M) 
TYPICAL 


SHUTTER SPEED No. 1B PF.1 97 No. 5B 
PF.1.97 ‘ PF.S 97 
AND APERTURE ria : 


(old type) tnew'type) PF.25,97 


‘EKTACHROME?’ FILM, DAYLIGHT TYPE—Process E-|! 
sth or ,,thsecatf8. . | 7-12 feet | 9-15 feet | 10-17 feet 


‘EKTACHROME’ FILM, DAYLIGHT TYPE—Process E-2 
pth or th secat fill. . | 7-12 feet | 9-15 feet | 10-17 feet 





Blue flashbulbs: Although intended for supplementing daylight, blue 
flashbulbs can be used in an emergency as the sole light source. The 
results should not, however, be expected to match the colour quality of 
transparencies made on ‘Ektachrome’ Film, Type B, exposed with clear 
flashbulbs when using the Kodak ‘Wratten’ Filter No. 81C, or on ‘Ekta- 
chrome’ Film, Type F, exposed with clear flashbulbs when used without a 
filter. To determine the recommended // number for average subjects, 
the guide number should be divided by the selected flashbulb-subject 
distance (in feet). For dark-coloured subjects the aperture should be 
opened by half a stop; for light-coloured subjects the aperture should be 
closed by half a stop. 


No. 1B No. 5B 
BLUE FLASHBULB PF.1/97 
(Class M) PF.I/97 PF.5/97 | PF.60/97 


(old type) |e” *YPE)) pF.25/97 


‘EKTACHROME?’ FILM, DAYLIGHT TYPE—Process E-| 


Open flash and upto jithsec . . . | 30 | 42 | 50 | 80 


‘EKTACHROME?’ FILM, DAYLIGHT TYPE—Process E-2 
Open flash and upto jthsec . . . | 50 | 72 | 80 | 125 





Tungsten light exposures: It is important to avoid mixing different types 
of light in the illumination of a subject, as this will produce local variations 
in colour balance. For studio colour photography it is a fairly basic rule 
that all lights should be of the same colour temperature to within 100°K. 


FM-I 6 


Because the range of tones, from highlight to shadow, which colour film 
will record successfully is somewhat short, it is preferable to avoid subjects 
in which there is significant detail in both extreme highlights and deep 
shadow. The contrast of lighting between the highlight and shadow 
areas is best kept as low as 3:1, and, unless special effects are desired, 
should not exceed 4:1; on subjects which are to make transparencies for 
reproduction, it can with advantage be kept down to a ratio of 2:1. The 
tables below suggests approximate exposures for average subjects in a 
room or studio with light walls and furnishings. They are based on the 
use of two lamps in studio lighting units, both being at the same distance 
and within 45° of the camera-subject axis. Exposures will vary to some 
extent according to the shape and surface of the reflectors used, and also 
the amount of reflected light from walls, ceilings, etc. These tables, 
therefore, should be used only as a basis for practical experiments. 


‘EKTACHROME?’ FILM, TYPE B 
with two 500-watt 3200°K lamps 


Distance of Lamps from Subject (ft) 5 14 20 
Exposure—I secondat . .... f/16 fill f/5°6 f/4 


‘EKTACHROME?’ FILM, TYPE F 


with a Kodak ‘Wratten’ Filter No. 82A 
and using two No. 2 Photoflood lamps 


Distance of Lamps from Subject (ft) 
Exposure—1/lOth second at . . . f/8 | f/6°3 | f/4°5 | f/3°5 | f/2°8 


With a Kodak ‘Wratten’ Filter No. 82C 
and using two 500 watt 3200°K lamps 


Distance of Lamps from Subject (ft) 


Exposure—I/lOth second at . . . f/4-°5 | f/3°5 | f/2°5 





Flashbulb guide numbers: The flashbulb guide numbers overleaf 
apply for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be 
divided by the selected flashbulb-subject distance (in feet) to obtain the 
recommended f/number. These guide numbers serve as a guide to the 
correct exposure, but should be used only as a basis for practical trial. 
Further information concerning the conditions of use may be found in 
Data Sheet RF-8. 
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FLASHBULB 


SHUTTER oS 


SPEED Class M Class FP 


No. 5 
| PF.5 | PF.38 | PF. 60 | PF. 100] PF.24 | PF. 45 
PF. 25 


‘EKTACHROME?’ FILM, TYPE B 
with a Kodak ‘Wratten’ Filter No. 81C 


Open flash and up to [/30th 
Seo a a bo te ie de aul 225 44 84 | 100 25* 
1/l00th or I/I25th sec . .| 18 64 _— 18 


‘EKTACHROME?’ FILM, TYPE F—no filter 


Open flash and up to 1/30th 
SECs <S Be te Are Ges AO eal 56 90 | 120 165 | 200 | 56* 
1/l00th or 1/l25th sec . . | 45 70 95 130 | — 45 





* These figures should be used at 1/50th or 1/60th second. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with synchronized 
between-lens shutters with M-synchronization at shutter speeds of 1/25th second or shorter. May 
also be used with X-synchronization or F-synchronization at shutter speeds of 1/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of 1/I5th second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 


Processing: ‘Ektachrome’ films should be processed as soon as possible 
after exposure, so as to avoid any possible changes in the latent image 
which may be produced by such conditions as high temperature or 
humidity. 

Packed chemicals for preparing a complete set of processing solutions 
are available as the Kodak ‘Ektachrome’ Processing Kit for Process E-1 or 
Process E-2. Full processing instructions, and directions for mixing, are 
enclosed with the kits. Process E-1 films should not be processed in 
Process E-2 Processing Kits, or vice versa. 


If ‘Ektachrome’ film—Process E-2—is to be processed on a spiral reel, 
the type having open or slotted transparent flanges should be used, so that 
the reversal exposure can be made without removing the film from the reel. 


Storage of transparencies: Full information may be found in Data 
Sheet CL-4. 


Kodak, Wratten, and Ektachrome are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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KODAK ‘EKTACHROME? FILMS, 
DAYLIGHT TYPE AND TYPE B—PROCESS E-3 


Tue three varieties of film at present available are:— 
‘Ektachrome’ Film, Daylight Type (sheet) 
‘Ektachrome’ Professional Film, Daylight Type (roll) 
(N.B.—This film is at present available in 120-size only) 
‘Ektachrome’ Film, Type B (sheet) 


GENERAL PROPERTIES AND USES 

These are medium-speed, multi-layer, reversal colour films intended 
for processing by the user, or by any suitable processing laboratory. 

Both types of film produce positive colour transparencies which can be 
viewed direct, projected, or used as originals for colour prints; they are 
also entirely suitable for use in photomechanical reproduction processes 
and as originals for subsequent duplication. 


‘Ektachrome’ Films, Daylight Type (E-3) 
These are balanced for exposure by daylight, but by the use of different 
filters can satisfactorily be used with other types of illumination. 


‘Ektachrome’ Film, Type B (E-3) 

This film is balanced for the proper rendering, without filters, of 
subjects illuminated by tungsten lamps having a colour temperature of 
3100°-3200°K. Satisfactory rendering is also given by flashbulb illumina- 
tion when using clear flashbulbs and the Kodak ‘Wratten’ Filter No. 
81C, and by other illuminants when suitable filters are used. 


SENSITIZATION 
These films are sensitive to all colours of the visible spectrum and 


must therefore be handled in total darkness. 


STORAGE OF UNEXPOSED FILM 

Careful storage plays a large part in maintaining the unexposed film in 
good condition. It should be kept in a cool, dry place, and to ensure 
best results films should be processed as soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should be 
exposed and processed by this date if results of the best quality are to be 
obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the final 
transparency. The problem of storage is fully discussed in Data Sheet 
CL-4, “‘The Storage of Colour Materials”. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
they have been opened. If stored near radio-active material or an X-ray 
machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 
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COLOUR BALANCE AND SPEED CHARACTERISTICS 


It is a characteristic of multi-layer colour materials that noticeable 
changes in the results can be caused by manufacturing variations that are 
negligible with monochrome films. Minor variations in speed, colour 
balance, and other characteristics are, therefore, unavoidable. Careful 
manufacturing controls are employed in order to keep the speed within 
plus or minus half a stop of the published speed: the colour-balance 
variations permitted at the time of manufacture are similar to, but not 
identical with, the range that can be corrected by using one of the six 
‘Kodak’ Colour-Compensating Filters of value CC 10 over the camera 
lens. With ‘Ektachrome’ Films, Daylight Type (E-3), the production 
tests are made at an exposure time of 1/50th second; the production tests 
for Type B Film (E-3) are made at an exposure time of 4 second. 

In use, greater variations may be caused by any or all of the following— 
high temperature or high relative humidity during storage (either before 
or after exposure), illumination of incorrect colour quality, processing 
variations, and variations in exposure time. The sensitivity of each of the 
three sensitive layers of these films varies with exposure time, and this 
variation may be different for each of the three layers. Thus, an emulsion 
having normal colour balance and speed at the recommended exposure 
times may not have the same characteristics at other exposure times. 

To minimize these variations, the recommendations relative to storage, 
lighting, exposure, and processing should be carefully followed. For 
critical work, an exposure test is recommended; it should be made on film 
of the same emulsion batch number as that to be used for the final exposure. 

A supplementary instruction sheet is included with each package of 
film which gives exposure information applying specifically to the ‘Ekta- 
chrome’ film (E-3) bearing the emulsion number given. 


PROCESSING 


‘Ektachrome’ films should be processed as soon as possible after 
exposure, so as to avoid any possible changes in the latent image which 
may be produced by such conditions as high temperature or high relative 
humidity. 

These films are designed to be processed in chemicals available as 
Kodak ‘Ektachrome’ Film-Processing Chemicals, Process E-3; full 
processing instructions and directions for mixing are enclosed. 


STORAGE OF TRANSPARENCIES 
Full information may be found in Data Sheet CL-4. 


‘EKTACHROME’ FILMS, DAYLIGHT TYPE (E-3) 
Speed 


As with all forms of colour material, these films require more precise 
estimation of exposure than is necessary with monochrome materials. 
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Errors in exposure affect the colour balance considerably and it is there- 
fore desirable that exposures be gauged correctly, to within } stop if 
possible. 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in ASA/B.S. (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. These meter settings are 
based on average emulsions used under average conditions; a supple- 
mentary instruction sheet is included with each package of film which 
gives exposure information applying specifically to the ‘Ektachrome’ film 
(E-3) bearing the emulsion number given. This information is intended 
as a guide to the user in making a test exposure when colour-balance and 
exposure requirements are critical. 

























ASA/B.S. B.S. DIN 
(ARITHMETICAL)* (LOGARITHMIC) (LOGARITHMIC) 
Day- 3200°K Photo- | 3200°K | Day- Photo- | 3200°K 
light lampst floodt | lampst | light flood} | lampst 






12** 23°§ | 22°%« | 18¢ 13§ 12** 








* These figures should be used with the Weston Master Ill meter; with all earlier models, a figure 
approximating to $ of these figures should be used. 

+ For best results, the use of Daylight Type film, with correcting filters, is not recommended for tungsten 
illumination; whenever possible, Type B film should be used. 


+ For exposures between 1/25th and |/1000th second (see table below). 
§ With Kodak ‘Wratten’ Filter No. 80B and exposures of | second or shorter. 
** With Kodak ‘Wratten’ Filter No. 80A and exposures of | second or shorter. 


Long exposures 

For exposures longer than 1/10th second, it is preferable to use ‘Ekta- 
chrome’ Film, Type B (E-3), with a ‘Wratten’ Filter No. 85B. However, 
in an emergency, it is possible to compensate for the reciprocity-failure 
characteristics of this film by increasing the exposure and using Colour- 
Compensating Filters (CC filters). The following table suggests appro- 
priate corrections, for daylight exposures only, which may be used as a 
basis for trial exposures under the actual conditions of use. 











SUGGESTED 
CC FILTER 





SUGGESTED 


EXPOSURE TIME EXPOSURE INCREASE 






1/1000th-1/25th second 






None None 
(normal use) 
1/10th second 4 stop CCIOB 
| stop CC30B 


| second 









CC40B+CCIOM 





10 seconds 2 stops 





Filters 

The purpose of the various filters listed in the following table is to 
enable Daylight Type films to be exposed successfully by different types 
of illumination, including that for which they are balanced. 
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INCREASE 
IN 


USE ‘KODAK’ FILTER 
EXPOSURE 
Indaylight. 2. 2. 2. 2. ew wee Normally no filter * 
In daylight, within two hours of sun- 
riseorsunset . . . 2. wee ‘Wratten’ No. 82A } stop 
In bluish daylight or when an excess of 
ultra-violet radiation is present. . . ‘Wratten’ No. IA (‘Kodak’ None 
Skylight) 
With xenon-filled electronic flash- See supplementary _ in- _ 
tubes. 2. 2. 6 1 1 ew ee es structions included with 


each package of film 


* The appropriate meter setting should be used as given on page 3, 


Further information may be found in Data Sheets CL-3 and CL-14. 


Daylight exposures 


In general, the best colour rendering is obtained in clear or hazy sun- 
light. The bluish cast which is sometimes evident in pictures taken in 
the shade under a clear blue sky, or under other conditions of excess 
ultra-violet radiation, can be minimized by the use of a ‘Wratten’ Filter 
No. 1A (‘Kodak’ Skylight), which requires no increase in exposure. 


The following table may be used as a guide to the correct exposure 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be 
opened by about one stop. Within two hours of sunrise or sunset, the 
aperture should be opened by one or more stops further than the setting for 
the main part of the day. 





SHUTTER SPEED—1/50th or 1/60th second 













Subject Brig near ez Weak Hazy Sun | Cloudy-bright aan al, 

Type (Distinct Shadows) | (Soft Shadows) | (No Shadows) | Qnen Shade 
Light f/18 f/12+5 9 f/6-3 
Averaget f/16 f/ f/8 f/5°6 
Dark f/12°5 f/9 f/6-3 f/4-5 








NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, I} stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


* With close-up back-lic subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is 
frequently useful —see opposite. 


t+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


$ This classification should be used if in doubt. 
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Supplementary flash in daylight 


In bright sunlight, the lighting contrast is frequently excessive, partic- 
ularly with close-up subjects lit from the side or back. This contrast 
can be lowered, and a natural effect retained, by the use of a reflector (see 
Data Sheet CL-7), or by the judicious use of a “fill-in” light-source in 
the form of a supplementary flash using blue flashbulbs. In the following 
table a range is given of lamp-to-subject distances, for typical combina- 
tions of shutter speed and aperture, because the amount of “fill-in” light 
is largely a matter of personal preference; the nearer distance gives the 
most lightening of the shadows. Electronic flash may also be used. 





TYPICAL SHUTTER SPEED 
AND APERTURE 


BLUE FLASHBULB 1/25th or 1/50th or 1/100th or 
1/30th 1/60th 1/125th 
second at second at second at 
f/22 f/\6 fill 
Class M 
AG.IB — 22-inch polished reflector . *7-12 feet | 8-14 feet _— 
No. IBS {2-inch polished reflector . *54-9 feet T6-I1 feet 8-14 feet 
or PF.IB \ 4-inch satin-finish reflector . *6-11 feet | 48-13 feet | 11-18 feet 
Atlas Blue—4 to 5-inch satin-finish 
reflector . 2... 1... *9-16 feet | fII-18 feet — 
Class FP 
PF.24/97— 4 to 5-inch satin-finish 
reflector . . 2... 1. _ 6-11 feet 6-11 feet 
PF.45/97— 6to7-inch satin-finish reflector _— 9-16 feet 9-16 feet 





NOTE: At closer distances than those given in the table, a white handkerchief should be draped over 
the bulb and reflector. 


* With X-synchronization. 
t With M-synchronization. 


Blue flashbulbs 


Blue flashbulbs can also be used as the sole light-source. The guide 
number should be divided by the selected flashbulb subject distance 
(in feet) to obtain the recommended f/number for average subjects; 
conversely, the guide number should be divided by the selected f/number 
to obtain the recommended flashbulb-subject distance. For dark-coloured 
subjects the aperture should be opened by } stop; for light-coloured 
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subjects the aperture should be closed by } stop. If the surroundings 
provide little or no reflected light, as in a large hall or studio, or out of 
doors, the aperture should be opened by up to 2 stops. Conversely, for 
those subjects on to which a great deal of light is reflected, as in small rooms 
with walls of light tone, the aperture should be closed by 1 stop. These 
corrections may be combined when necessary. These guide numbers 
serve as a guide to the correct exposure, but should be used only as a 
basis for practical trial. Further information concerning the conditions 
of use may be found in Data Sheet RF-8. 





SHUTTER SPEED 


BLUE FLASHBULB Open Flash| 1 /50th 1/100th | 1/200th 
and up or or or 
to |/30th | /60th 1/125th 1/250th 
second second second second 
Class M 
*AG.1B—2-inch polished reflector 100 90t 80t 64t 
*No. IBS ( 2-inch polished reflector 72 64t 56t 45+ 
or 
PF.IB 4-inch_ satin-finish 
reflector . . . . . 90 80t 724 56t 
Atlas Double-Lite Blue—4 to 5-inch 
satin-finish reflector . . 125 110 100} 80+ 
PF.60/97—6 to 7-inch satin-finish 
reflector... ; 200 180+ 160+ 125+ 
Class S 
PF.100/97—6 to 7-inch satin-finish 
reflector . . 250 —_ 
Class FP 
PF.24/97—-4 to 5-inch satin-finish 
reflector . . . — 32 
PF.45/97—6 to 7-inch satin-finish 
reflector . . . : — 45 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


t With M-synchronization. 

Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with 
diaphragm shutters with M-synchronization at shutter speeds of 1/25th second or shorter. 
May also be used with X-synchronization at shutter speeds of 1/30th second or longer. 

Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-syn- 
chronization at shutter speeds of 1/15th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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Electronic-flash exposures 

Guide numbers should be obtained from the manufacturer of the 
equipment, or determined by trial. Owing to the very short exposure 
times given by electronic flashtubes, the use of a filter may be necessary 
in addition to any filter required for normal exposures. The supple- 
mentary instruction sheet included with each package of film suggests a 
suitable filter for the ‘Ektachrome’ film (E-3) bearing the emulsion 
number given. It is intended as a guide to the user in making a test 
exposure when colour-balance and exposure requirements are critical. 


‘EKTACHROME’ FILM, TYPE B (E-3) 


Speed 

As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the colour-balance considerably and it is therefore 
desirable that exposures be gauged correctly, to within 4 stop if possible. 

The meter settings in the following table are suitable for use with ex- 
posure meters and calculators scaled in ASA/B.S. (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. These meter settings are 
based on average emulsions used under average conditions; a supplemen- 
tary instruction sheet is included with each package of film which gives 
exposure information applying specifically to the ‘Ektachrome’ film (E-3) 
bearing the emulsion number given. It is intended as a guide to the 
user in making a test exposure when colour-balance and exposure require- 
ments are critical. 










ASA/B.S. B.S. DIN 
(ARITHMETICAL)* (LOGARITHMIC) (LOGARITHMIC) 
3200°K | Photo- Day- | 3200°K | Photo- Day- | 3200°K | Photo- Day- 
lamps flood light lamps flood light lamps flood light 


32t | 25tt | 25§ | 26+ | 25°tt | 25°5 lét IStt 































* These figures should be used with the Weston Master Ill meter; with all earlier models, a figure 
approximating to ¢ of these figures should be used. 

+ For a }-second exposure; for the effect of longer exposure times see the supplementary instructions 
included with each package of film. 

+ With Kodak ‘Wratten’ Filter No. 81A. 

§ With Kodak ‘Wratten’ Filter No. 85B. 


Filters 

The purpose of the various filters listed in the following table is to 
enable Type B film to be exposed successfully by different types of 
illumination, including that for which it is balanced. Further information 
may be found in Data Sheets CL-3 and CL-14. 
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INCREASE IN 


USE ‘KODAK’ FILTER EXPOSURE 
With 3200°K lamps : No filter 7 
In daylight . .. : ‘Wratten’ No. 85B * 
With Photoflood ene 3300°-3400°K . ‘Wratten’ No. 8IA * 
With clear wire-filled or foil-filled flash- 
bulbs... : ‘Wratten’ No. 81C t 
A series of brownish filters which may be ‘Wratten’ No. 81! 4 stop 
used for reducing the effective colour ‘Wratten’ No. 81IA 4 stop 
temperature of illuminants when this ‘Wratten’ No. 81B 4 stop 
cannot be conveniently controlled by ‘Wratten’ No. 81C 4 stop 
adjusting the mains voltage¢. . . ‘Wratten’ No. 81EF 2 stop 
A series of bluish filters which may be (| ‘Wratten’ No. 82 4 stop 
used for increasing the effective colour ‘Wratten’ No. 82A 4+ stop 
temperature of illuminants when this ‘w , 828 z 
cannot be conveniently controlled by ratten’ No. 3 Stop 
adjusting the mains voltaget. . . . ‘Wratten’ No. 82C 2 stop 





* The appropriate meter setting should be used as given on page 7. 

+ Exposure recommendations are given on page 9. 

+ The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter, or by practical trial. Further information may be found in Data Sheet CL-5. 


Tungsten-light exposures 


It is important to avoid mixing different types of light in the illumina- 
tion of a subject, as this will produce local variations in colour balance. 
For colour photography, it is a fairly basic rule that all lights should be of 
the same colour temperature to within 100°K. 

Because the range of tones, from highlight to shadow, which colour film 
will record successfully is somewhat short, it is preferable to avoid subjects 
in which there is significant detail in both extreme highlights and deep 
shadows. There is some latitude in the permissible contrast of lighting 
between highlight and shadow areas, depending on the colour contrast and 
the relative importance of each of these areas. In general, the lighting 
ratio should not exceed 3:1 for average subjects, but with low-contrast 
subjects, a ratio of 4:1 is permissible. These lighting ratios give the best 
results on subjects which are to make transparencies for reproduction. 
For transparencies intended only for projection or viewing, a somewhat 
higher lighting ratio is permissible and, when special effects are desired, 
lighting ratios as high as 10:1 may be used. Further information may 
be found in Data Sheet CL-8. 


Flashbulb guide numbers 


The flashbulb guide numbers given below assume the use of a ‘Wratten’ 
Filter No. 81C. The guide number should be divided by the selected 
flashbulb-subject distance (in feet) to obtain the recommended f/number 
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for average subjects; conversely, the guide number should be divided by 
the selected f/number to obtain the recommended flashbulb-subject dis- 
tance. For dark-coloured subjects the aperture should be opened by } 
stop; for light-coloured subjects the aperture should be closed by 4 stop. 
If the surroundings provide little or no reflected light, as in a large hall or 
studio, or out of doors, the aperture should be opened by up to 2 stops. 
Conversely, for those subjects on to which a great deal of light is reflected, 
as in small rooms with walls of light tone, the aperture should be closed by 
1 stop. These corrections may be combined when necessary. These 
guide numbers serve as a guide to the correct exposure, but should be 
used only as a basis for practical trial. Further information concerning 
the conditions of use may be found in Data Sheet RF-8. 





FLASHBULB GUIDE NUMBERS FOR ‘EKTACHROME?’ FILM, TYPE B (E-3) 
WITH ‘WRATTEN’ FILTER NO. 81C 


SHUTTER SPEED 


FLASHBULB* Open Flash| 1/50th 1/100th | /200th 
and up or or or 
to 1/30th 1/60th 1/125th 1/250th 
second second second second 
Class M 
tAG.|—2-inch polished reflector . 90 80+ 72¢ 56t 
TNo. |, ica polished reflector 90 80+ 724 56¢ 
PF.I, or 
Type |’) 4-inch satin-finish reflec- 


(tor 2... . 72 644 56¢ 45t 
No. 5, PF.5, or Type 5—4 to 5-inch 


satin-finish reflector 1004 90+ 72t 
No. 22 or PF.60—6 to 7-inch satin- 

finish reflector . 180+ 160¢ 1254 
Class $ 

PF.100—6 to 7-inch satin-finish 

reflector . a _ —_ _ 
Class FP 

PF.24—4 to5-inch satin-finish 

reflector . z 72 50 36 
PF.45—6 to 7-inch satin-finish 

reflector . : 100 72 50 





* Flashbulb classes are described under the table on page 6. 


+ If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should be 
halved. 


+ With M-synchronization. 


Electronic-flash exposures 


The use of electronic flash with ‘Ektachrome’ Film, Type B (E-3), 
is not recommended. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
EKTACHROME 
WRATTEN 


KODAK LIMITED LONDON 


TPFM-ID/xWP10/10-65 


‘KODAK’ HIGH-SPEED ‘EKTACHROME? FILMS, 
DAYLIGHT TYPE AND TYPE B 





GENERAL PROPERTIES AND USES 


These are very fast, multi-layer, reversal colour films, intended for 
processing by the user, or by any suitable processing laboratory. 

Both types of film produce colour transparencies which can be viewed 
direct, projected, or used as originals for colour prints; they are also 
entirely suitable for use in photomechanical reproduction processes and 
as originals for subsequent duplication. 


High-Speed ‘Ektachrome’ Film, Daylight Type 


This film is balanced for exposure by sunlight, but by the use of 
different filters can satisfactorily be used with other types of illumination. 


High-Speed ‘Ektachrome’ Film, Type B 


This film is balanced for the proper rendering, without filters, of 
subjects illuminated by tungsten lamps having a colour temperature of 
3200°K. Because of its high speed it can be used for photography by 
existing artificial light with a suitable filter. Satisfactory rendering is 
also given by flashbulb illumination when using clear flashbulbs and a 
‘Wratten’ 81C filter, and by other illuminants when suitable filters are 
used. 


SENSITIZATION 


These films are sensitive to all colours of the visible spectrum and must 
therefore be handled in total darkness. 


STORAGE OF UNEXPOSED FILM 


Careful storage plays a large part in maintaining the unexposed film 
in good condition. It should be kept in a cool, dry place, and to ensure 
best results films should be processed as soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should 
be exposed and processed by this date if results of the best quality are to 
be obtained. It is strongly urged that stocks be arranged so that films 
are issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the final 
transparency. The problem of storage is fully discussed in Data Sheet 
CL-4, “The Storage of Colour Materials”. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
their packings have been opened. If stored near radio-active material or 
an X-ray machine, films must be protected from their effects by an 
adequate thickness of lead or some other protective material. 
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PROCESSING 

High-Speed ‘Ektachrome’ films should be processed as soon as possible 
after exposure so as to avoid any possible changes in the latent image 
which may be produced by such conditions as high temperature or high 
humidity. 

These films are designed to be processed in chemicals available as 
Kodak ‘Ektachrome’ Film-Processing Chemicals, Process E-4. Alterna- 
tively, Kodak ‘Ektachrome’ Film Processing Chemicals, Process E-2, can 
be used. Full processing instructions and directions for mixing are 
supplied with these chemicals. 

These films can be taken to a dealer who will arrange to have them 
processed. If the dealer sends them to Kodak, the processed film will be 
returned to the dealer for collection by the customer. Films processed 
and mounted by Kodak are identified by the phrase “Processed by 
Kodak”. If requested, 35mm film will be returned by Kodak as an 
uncut strip. 


Exposure variations and processing adjustments: For best results, 
normal exposure and normal processing should be used with these films. 
However, if a film has been exposed at an incorrect meter setting, or if an 
increase or decrease in speed is required (higher or lower meter setting), 
the time in the first developer can be adjusted to compensate for the 
difference. These processing adjustments may alter the maximum 
density, contrast, and graininess to some extent, so practical tests should be 
made on film of the same emulsion number if pictures are to be made that 
cannot be re-taken. If the film is to be sent to a processing laboratory, 
make sure that the laboratory offers a service for processing for increased 
or reduced speed (Kodak Limited does not offer such a service). Films 
should be marked clearly, e.g.—‘‘Give modified processing, exposed at 
320 ASA/BS”. 

The following table gives the correct times in the first developer to 
compensate for changes in exposure. 










TIME IN FIRST DEVELOPER 














FILM (minutes) 
PROCESS E-4 
los | 9 | 8 | 6 | 4 | 3* 
Meter Setting 
High Speed ASA/BS | 650 400 320 160 80 40 
Ektachrome, Daylight BS 39° 37° 36° 33° 30° 27° 
Type DIN 29 27 26 23 20 17 















ASA/BS 
BS 
DIN 


500 320 
38° 36° 
28 26 


250 125 64 32 
35° 32° 29° 26° 
25 22 19 16 


High Speed 
Ektachrome, Type B 















NOTE: Figures in bold are normal recommendations. 
* Colour variation from normal will be significant—recommended only for exposure error compensation. 


STORAGE OF TRANSPARENCIES 
Full information may be found in Data Sheet CL-4. 
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HIGH-SPEED ‘EKTACHROME’ FILM, DAYLIGHT TYPE 


SPEED AND EXPOSURE 


As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the results considerably, so it is therefore 
desirable that exposures be gauged correctly, to within 4 stop if possible 
(see Data Sheet CL-6). Higher or lower meter settings than those given 
in the table can be used if adjustments are made to the time in the first 
developer, and some change in quality can be tolerated—see page 2. 


Detailed exposure information is presented on the following pages, 
but an additional factor should be considered when an exposure meter 
is used. Reference to the exposure tables and footnotes will show that, 
with diaphragm shutters when small apertures and the faster shutter 
speeds are necessary, the settings indicated by the meter may result in 
over-exposure. When the speeds of such shutters are correctly calibrated 
at full lens aperture, they characteristically give somewhat more than 
the marked exposure when they are used with small lens apertures at the 
faster speeds (i.e., approximately 1/250 second or shorter). The error in 
exposure may amount to # stop. 


For example: 


Meter readings for normal subjects in bright sunlight, with Daylight 
Type film, would typically indicate 1/250 second at f/12.5. To make 
allowance for the increased efficiency of diaphragm shutters at this small 
aperture, it is recommended that the meter indication for normal subjects 
in bright sunlight be modified to 1/250 second at f/16. Any other meter 
readings which call for a fast shutter speed at a small lens aperture should 
be similarly decreased by approximately 4 stop, but no such adjustments 
are necessary when focal-plane shutters are used. 


The meter settings in the following table are suitable for use with 
exposure meters scaled in ASA/BS (arithmetical), BS (logarithmic), or 
DIN (logarithmic) speeds. 


METER SETTING 


KODAK 
LIGHTING “WRATTEN’ ASA/BS BS DIN 
FILTER (Arithmetical) | (Logarithmic) | (Logarithmic) 
Daylight. . . None 160 33° 23 
*Photoflood lamps 80B 50 28° 18 


*3200°K lamps . 





*Type B film is recommended with these light-sources—the heavy filtration required reduces the 
effective speed considerably. 


Filters: The purpose of the various filters listed in the table on the 
following page is to enable Daylight Type film to be exposed successfully 
by different types of illumination, including that for which it is balanced. 
Further information may be found in Data Sheets CL-3 and CL-14. 
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INCREASE 
I 


USE KODAK ‘WRATTEN’ FILTER N 
EXPOSURE 

In daylight. . . bee Normally no filter x 
With photoflood lamps 
(3400°K) . . . 80B x 
With 3200°K lamps. . . . 80A * 
In daylight within two hours 
of sunriseorsunset. . . . 82A 4 stop 


In bluish daylight, or when an 
excess of ultra-violet radiation 


ispresent. . . 1A (‘Kodak’ Skylight) None 
With xenon-filled leceronie 
flashtubes . . . 2. 2... A filter may not be necessary, but _ 


some flash units give better results 
with one of the following 
filters— 
81, 81A, or 8IB . All 4 stop 


VAs ie Shos Goda Seg ae None 





*The appropriate meter setting should be used as given on the previous page. 


Daylight exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky, or under other con- 
ditions of excess ultra-violet radiation, can be minimized by the use of 
a ‘Wratten’ 1A filter (‘Kodak’ Skylight), which requires no increase 
in exposure. 

The following exposures are approximately correct in spring, summer, 
and autumn, in temperate latitudes, and in the tropics all the year 
round. In winter, open the lens aperture by about 1 stop. Within 
2 hours of sunrise or sunset, open the aperture by 1 or more stops further 
than the setting for the main part of the day. 





DIAPHRAGM * SHUTTER SPEED—1/250 second 


Subject Brig ne oe Weak Hazy Sun | Cloudy-bright | Cloudy-dull or 

Type (Distinct Shadows) (Soft Shadows) | (No Shadows) | tOpen Shade 
Light . f/18 f/12.5 f/9 f/6.3 
Average§ . . f/\6 fill f/8 f/5.6 


Dark... f/12.5 19 f/6.3 f/4.5 





NOTE: For high-altitude snow scenes in summer, give | stop less exposure; for snow scenes in winter 
in temperate latitudes, use the figures in the table. 


*With focal-plane shutters, use $ stop larger aperture—see page 3. 


tWith side or back lighting, give | stop more exposure. With close-up back-lit subjects containing 
important shadow detail, give 1-2 stops more exposure depending on the effect required. Reflectors, 
or supplementary flash (see page 5), are frequently useful to illuminate the shadows. 


$Subjects shaded from the sun but lit by a large area of clear unobstructed sky. Give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 


§Use this category if in doubt. 
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Supplementary flash in daylight: In bright sunlight the lighting contrast 
is frequently excessive, particularly with close-up subjects lit obliquely, or 
from the side or back. This contrast can be lowered, and a natural effect 
retained, by the use of a reflector (see Data Sheet CL-7), or by the 
judicious use of a “fill-in” light-source such as a supplementary flash with 
blue flashbulbs or electronic flash. Further information may be found in 
Data Sheet RF-8. 

The following table gives flashbulb-to-subject distances for two 
shutter speed and aperture combinations for both diaphragm and focal- 
plane shutters (see page 3); these exposures conform to those given in the 
table on page 4 for an average subject lit by bright or hazy sun. The 
distances are intended to give average “fill-in” (lighting ratio 3:1) and 
should be used only as a basis for tests. If greater, or less, “fill-in” is 
required, the flashbulb-to-subject distances should be decreased, or 
increased, respectively. 





FLASHBULB-TO-SUBJECT DISTANCE (in feet)* 


Exposure for Bright or Hazy Sun 


Blue Flashbulb Diaphragm Shutter} | Focal-Plane Shuttert 
and Reflector i et a nT A Sn 

1/125 sec | 1/250 sec} 1/125 sec | 1/250 sec 

at f/22 at f/16 at f/18 at f/12.5 





M-synchronization | FP-synchronization 





Class Mt 

Flashcubes . . ...... 13 14 c = 
PF.1B, Type IB, 2-inch polished 

No. IBS, or MF.IB, | 4-inch satin-finish 18 20 se _ 


AG.IB—2-inch polished . 


Class FP 
PF.6B—4 to 5-inch satin-finish 


NOTE: For closer distances than those given in the table, drape one layer of white cotton handkerchief 
over the bulb and reflector, and halve the distances given. 


*These distances apply to the exposure recommended on page 4 (also given in the table for two shutter 
speeds) for an average subject lit by bright or hazy sun; the basic exposure may vary under different 
lighting or subject conditions, thereby affecting the optimum flashbulb-to-subject distance for a 3:1 
lighting ratio. 

+See page 3. 

$Flashbulb classes are described under the table on page 6. 


Blue flashbulbs: These can also be used as the sole light-source. To 
obtain the recommended f/number for average subjects, divide the guide 
number by the selected flashbulb-to-subject distance (in feet); conversely, 
to obtain the recommended flashbulb-to-subject distance, divide the 
guide number by the selected f/number. For dark-coloured subjects, 
open the aperture by } stop; for light-coloured subjects, close the aperture 
by 4stop. If the surroundings provide little or no reflected light, as in a 
large hall or studio, or out of doors, open the aperture by up to 2 stops. 
Conversely, for those subjects on to which a great deal of light is reflected, 
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as in small rooms with walls of light tone, close the aperture by | stop. 
These corrections may be combined when necessary. These guide 
numbers serve as a guide to the correct exposure but should be used only 
as a basis for practical trial. Further information on flash photography 
is given in Data Sheet RF-8. 





SHUTTER SPEED 
BLUE FLASHBULB 


Open Flash 

AND 

and up 1/60 1/125 1/250 
REFFES TOR to 1/30 second | second | second 

second 

Class M 

Flashcubes me BES, Gen ee ENA 

PF.IB, Type IB, 2-inch polished NOt 100+ 80t 


No. IBS, or MF.IB 4-inch_ satin-finish 
*AG.|1B—2-inch polished : 160¢ 140t NOt 


PF.SB—4 to 5-inch satin-finish . 220t 200+ 160+ 


PF.60/97—6 to 7-inch satin-finish . 320+ 280+ 220t 


Class S 

PF.100/97—6 to 7-inch satin-finish _— _ —_ 
Class FP 

PF.6B—4 to 5-inch satin-finish . 110 80 56 
PF.45/97—6 to 7-inch satin-finish . 160 110 80 


NOTE: When using small apertures and fast shutter speeds with diaphragm shutters, increase the guide 
numbers by about $—see page 3. 


*If shallow, cylindrical, or fan-shaped reflectors are used, halve the guide numbers given in the table. 
+ With M-synchronization. 


Class M — flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/50 second or shorter, and with X-synchroni- 
zation at shutter speeds of 1/30 second or longer. 


Class § —a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30 second or longer, and with X-synchro- 
nization at shutter speeds of |/15 second or longer. 


Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. A filter may not 
be necessary, but some units give better results with one of the following 
‘Wratten’ filters—81, 81A, 81B, or 1A. 





HIGH-SPEED ‘EKTACHROME’ FILM, TYPE B 


SPEED AND EXPOSURE 


As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the results considerably, so it is therefore desirable 
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that exposures be gauged correctly, to within 4 stop if possible (see Data 
Sheet CL-6). Higher or lower meter settings than those given in the table 
can be used if adjustments are made to the time in the first developer, 
and some change in quality can be tolerated—see page 2. 

The meter settings in the following table are suitable for use with 
exposure meters scaled in ASA/BS (arithmetical), BS (logarithmic), or 
DIN (logarithmic) speeds. 





METER SETTING 


KODAK 
eee | Miter |, ASA/8S BS ony, 
(Arithmetical) | (Logarithmic) | (Logarithmic) 
3200°K lamps. None 125 32° 22 
Photoflood lamps 8IA 100 31° 21 
Daylight . . . 85B 80 30° 20 





Filters: The purpose of the various filters listed in the following table is to 
enable Type B film to be exposed successfully by different types of 
illumination, including that for which it is balanced. Further informa- 
tion may be found in Data Sheets CL-3 and CL-14. 





KODAK INCREDSE 
USE “WRATTEN’ 
FILTER EXPOSURE 
With 3200°K lamps. $ ‘ No filter * 
In daylight : ; 85B * 
With Photoflood lamps (340°). : j BIA * 
With clear, wire-filled, or foil-filled flashbulbs 8IC T 
1 
A series of brownish filters which may be a : bob 
: A 8IA 4 stop 
used for reducing the effective colour tem- ; 
81B 4 stop 
perature of illuminants when this cannot be BIC Liebe 
conveniently controlled by caaEUNG) the 8ID 3 cee 
the mains voltaget . . . SIEF 2 stop 
A series of bluish filters which may be used 82 4 stop 
for increasing the effective colour tempera- 82A 4 stop 
ture of illuminants when this cannot be con- 82B i 
veniently controlled by adjusting’ the mains 3 Stop 
voltaget . . . oe win, ae 82C 2 stop 


*The appropriate meter setting should be used as given above. 
tExposure recommendations are given on page 8. 


{The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter or by practical trial. Further information may be found in Data Sheet CL-5. 


Clear flashbulbs: The flashbulb guide numbers given in the following 
table assume the use of a ‘Wratten’ 81C filter. To obtain the recom- 
mended f/number for average subjects, divide the guide number by the 
selected flashbulb-to-subject distance (in feet); conversely, to obtain the 
recommended flashbulb-to-subject distance, divide the guide number by 
the selected f/number. For dark-coloured subjects, open the aperture 
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by 4 stop; for light-coloured subjects, close the aperture by } stop. If 
the surroundings provide little or no reflected light, as in a large hall or 
studio, or out of doors, open the aperture by up to 2 stops. Conversely, 
for those subjects on to which a great deal of light is reflected, as in small 
rooms with walls of light tone, close the aperture by 1 stop. These 
corrections may be combined when necessary. These guide numbers 
serve as a guide to the correct exposure but should be used only as a 
basis for practical trial. Further information on flash photography 
is given in Data Sheet RF-8. 


— ee 
FLASHBULB GUIDE NUMBERS FOR HIGH-SPEED ‘EKTACHROME?’ FILM, 
TYPE B, WITH ‘WRATTEN’ 8IC FILTER 


SHUTTER SPEED 





CLEAR FLASHBULB 


able! a avi 1/60 1/125 1/250 
BEIES tes to 1/30 second second second 
second 
Class M* 
PF.60—6 to 7-inch satin-finish . . 360 320+ 280} 220f 
Class S* 
PF.100—6 to 7-inch satin-finish. . 450 _— —_ —_— 
Class FP* 


PF.45—6 to 7-inch satin-finish . . —_ 180 | 125 90 





*Flashbulb classes are given under the table on page 6. 
With M-synchronization. 


Tungsten-light exposures: It is important to avoid mixing different types 
of light in the illumination of a subject, as this will produce local variations 
in colour balance. For colour photography it is a fairly basic rule that 
all lights should be of the same colour temperature to within 100°K. 

Because the range of tones, from highlight to shadow, which colour 
film will record successfully is somewhat short, it is preferable to avoid 
subjects in which there is significant detail in both extreme highlights 
and deep shadows. There is some latitude in the permissible contrast 
of lighting between highlight and shadow areas, depending on the colour 
contrast and the relative importance of each of these areas. In general, 
the lighting ratio should not exceed 3:1 for average subjects, but with 
low-contrast subjects, a ratio of 4:1 is permissible. These lighting ratios 
give the best results on subjects which are to make transparencies for 
reproduction. For transparencies intended for projection or viewing, a 
somewhat higher lighting ratio is permissible and, when special effects 
are desired, lighting ratios as high as 10:1 may be used. Further in- 
formation may be found in Data Sheet CL-8. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. Use a ‘Wratten’ 
85B filter over the camera lens. 


Kodak, Ektachrome, and Wratten are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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16mm KODAK ‘EKTACHROME’ EF FILMS, 
TYPES 7241 (DAYLIGHT) AND 7242 (TUNGSTEN) 





GENERAL PROPERTIES AND USES 

These are very fast, reversal, colour cine films intended for processing 
by any suitable motion-picture-film processing laboratory. They offer 
better sharpness, granularity, and colour reproduction than the ‘Ekta- 
chrome’ ER Films which they replace, though they have the same speed. 
‘Ektachrome’ EF films are designed for use under all conditions where the 
available illumination is of very low level, or where very high camera 
speeds with consequent short exposure times are required. Potential 
applications for these films include industrial cinematography on factory 
locations, documentary and newsreel work, instrument recording, missile 
tracking, and high-speed photography. After reversal processing, both 
types of film produce positive colour originals which can be used for 
projection direct, or as originals for colour duplicates. 


‘Ektachrome’ EF Film, Type 7241 (Daylight) 
This film is balanced for exposure by daylight, but by the use of various 
filters it can satisfactorily be used with other illuminants. 


‘Ektachrome’ EF Film, Type 7242 (Tungsten) 

This film is balanced for the proper rendering, without filters, of 
subjects illuminated solely by tungsten lamps having a colour temperature 
of 3200°K, or by other illuminants when suitable filters are used. 


SENSITIZATION 

‘Ektachrome’ EF films are sensitive to all colours of the visible spectrum 
and it follows that they must be handled in total darkness except when 
loading spools into the camera or removing them. Film not wound on 
daylight-loading camera spools must be handled in total darkness at all 
times. 


STORAGE OF UNEXPOSED FILM 

Careful storage plays a large part in maintaining the unexposed film 
in good condition. It should be kept in a cool, dry place, and to ensure 
best results films should be processed as soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films must be 
exposed and processed by this date if results of the best quality are to be 
obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the final 
film. The problem of storage is fully discussed in Data Sheet CL-4, 
“The Storage of Colour Materials”. 
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Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
they have been opened. If stored near radioactive materials or an 
X-ray machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 


PROCESSING 

‘Ektachrome’ EF films are sold without a processing charge being 
included in the purchase price, and processing is not undertaken by 
Kodak Limited, nor is the production of any subsequent duplicates. 
Users should apply to any motion-picture-film processing laboratory 
which offers a processing service for ‘Ektachrome’ EF films. The 
Kodak ME-4 process is required. 


STORAGE OF PROCESSED FILM 
Full information can be found in Data Sheet CL-4. 


‘EKTACHROME?’ EF FILM, TYPE 7241 (DAYLIGHT) 


Speed: As with all forms of colour material, this film requires more 
precise estimation of exposure than is necessary with monochrome 
materials. Errors in exposure affect the colour and tone rendering con- 
siderably and it is desirable that exposures be gauged correctly, to within 
4 stop if possible (see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
exposure meters scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds. By means of changes in the first development, 
this film can be processed to give speeds ranging from 1 stop less than 
normal to 3 stops more. 






ASA|B.S. 
(ARITHMETICAL)* 


DIN 


B.S. 
(LOGARITHMIC) (LOGARITHMIC) 










Photo- | 3200°K 
flood | lamps 


3200°K 
lamps 


3200°K 
lamps 


Day- 
light 








50+ 27°t 





NOTE: On cameras with through-the-lens exposure metering, always use the daylight meter setting 

and do not change it when using filters. 

* With the Weston Master Ill meter, use these figures; with all earlier Weston meters, use a figure 
approximating to $ of these Heirs 

+ With Kodak ‘Wratten Filter’ No. : 

+ With Kodak ‘Wratten Filter’ No. 804 For best results, use Type 7242 film instead. 


Filters: The purpose of the filters listed in the following table is to enable 
Type 7241 film to be exposed successfully by various types of illumination, 
including that for which it is balanced. Further information may be 
found in Data Sheets CL-3 and CL-14. 
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INCREASE 
IN 


USE ‘KODAK’ FILTER 
EXPOSURE 
In daylight of agg ush td Normally no filter * 
In daylight, within two hours of sunrise 
orsunset. . . . 2... ee eee ‘Wratten’ No. 82A 4 stop 


In bluish daylight, or when an excess of 
ultra-violet radiation is present . . . . ‘Wratten’ No. 1A None 
(‘Kodak’ Skylight) 





* Use the appropriate meter setting as given in the table on page 2. 


Daylight exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky, or under other con- 
ditions of excess ultra-violet radiation, can be minimized by using a 
‘Wratten’ Filter No. 1A (‘Kodak’ Skylight), which requires no increase in 
exposure. 

The following exposures are approximately correct during spring, 
summer, and autumn in temperate latitudes, and in the tropics all the year 
round. In winter, open the lens aperture by about 1 stop. Within 
2 hours of sunrise or sunset, open the aperture by 1 or more stops further 
than the setting for the main part of the day. 





DAYLIGHT EXPOSURES AT 24 frames per second 












SUBJECT TYPE 
CONDITION 







Average* Dark 
Bright or hazy sunf (distinct shadows) f/32t f/25+ 
Weak hazy sun (soft shadows) . f/22+ f/18E 
Cloudy-bright (no shadows) . f/16 f/12°5 
Open shade§ (approx. 900 ft-candles) fill f/9 
(approx. 900 ft-candles) . f/9 
Cloudy-dull < (approx. 450 ft-candles) . f/6-3 
(approx. 225 ft-candles) . f/4°5 


NOTE: For subjects on light dry sand or snow, give | stop less exposure; for high-altitude snow scenes, 
4 stops less. Use figures in table for snow scenes in winter in temperate latitudes. 

* Use this category if in doubt. 

+ With close-up back-lit subjects containing important shadow detail, the exposure increase may amount 
to | or even 2 stops, depending on the effect required. With side or back lighting, reflectors to 
illuminate the shadows are frequently useful. 

+ If the aperture cannot be reduced to this size, use a larger stop together with an appropriate neutral- 
density filter, details of which are given in Data Sheet FT-2. 

§ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. Give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 
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EXPOSURES FOR SUNLIT INTERIORS 


Incident Light Aperture at 24 frames per second 
14 foot-candles (approx.) f [1-4 
28 foot-candles (approx.) f/2 
55 foot-candles (approx.) f/2-°8 
110 foot-candles (approx.) f/4 





When using camera speeds other than 24 frames per second, adjust the 
exposure as shown below. 





FRAMES PER SECOND VARIATION IN APERTURE 
8 close I+ stops 
16 close 4 stop 
32 open + stop 
48 open | stop 
64 open I} stops 





For high-speed cinematography, the following approximate aperture 
corrections to the exposures indicated for 24 frames per second are 
recommended; it is advisable, however, to make practical tests under the 
conditions of use. 





FRAMES PER SECOND VARIATION IN APERTURE 
500 open 5 stops 
1000 open 6 stops 
2000 open 7 stops 
3000 open 74 stops 





Reciprocity characteristics: At the normal daylight meter setting (given in 
the table on page 2), Type 7241 film can be exposed at times between 1/10 
second and 1/100 000 second without the need to compensate in exposure 
or colour balance for reciprocity failure. 


‘EKTACHROME?’ EF FILM, TYPE 7242 (TUNGSTEN) 


Speed: As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the colour and tone rendering considerably and 
it is desirable that exposures be gauged correctly, to within 4 stop if 
possible (see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
exposure meters scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds. By means of changes in the first development, 
this film can be processed to give speeds ranging from | stop less than 
normal to 1 stop more. 
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ASA/B.S. 


/ DIN 
(ARITHMETICAL)* 


(LOGARITHMIC) 








B.S. 
(LOGARITHMIC) 









3200°K | Photo- 
lamps 


3200°K 
lamps 






3200°K 
lamps 


Day- 
light 


32° 22 


NOTE: On cameras with through-the-lens exposure metering, always use the meter setting for 3200°K 

lamps and do not change it when using filters. 

* With the Weston Master Ill meter, use these figures; with all earlier Weston meters, use a figure 
approximating to ¢ of these figures. 

t With Kodak ‘Wratten’ Filter No. 81A. 

$ With Kodak ‘Wratten’ Filter No. 85. 


Filters: The purpose of the filters listed in the following table is to enable 
Type 7242 film to be exposed successfully by various types of illumination. 
Further information may be found in Data Sheets CL-3 and CL-14. 


INCREASE 
USE ‘KODAK’ FILTER IN 
EXPOSURE 
With 3200°K lamps. ye No filter * 
In daylight . 2... . | ‘Wratten’ No. = 
With Photoflood lamps, 3400°K . . fi ‘Wratten’ No. * 
A series of brownish filters which may be ‘Wratten’ No. + stop 
used for reducing the effective colour || ‘Wratten’ No. 4 stop 
temperature of illuminants when this) | ‘Wratten’ No. 4 stop 
cannot be conveniently controlled by ‘Wratten’ No. 4+ stop 
adjusting the mains voltaget . . . . . ‘Wratten’ No. 2 stop 
‘Wratten’ No. 2 stop 
A series of bluish filters which may be used ‘ , 1 
for increasing the effective colour tem- yee ne fe 
perature of illuminants when this cannot ‘Wratten’ No. 3 a 
be conveniently controlled by aaiueting ‘Wratten’ No. 3 afop 


the mains voltaget . 





* Use the appropriate meter setting, as given in the table above. 
+ The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter, or by practical trial. Further information can be found in Data Sheet CL-5. 


Tungsten-light exposures: It is important to avoid mixing different 
types of light in the illumination of a subject, as this will produce local 
variations in colour balance; all lights should be of the same colour 
temperature to within 100°K. Because the range of tones, from highlight 
to shadow, which colour film will record successfully is somewhat short, 
it is preferable to avoid subjects in which there is significant detail in both 
extreme highlights and deep shadows. The contrast of lighting between 
the highlight and shadow areas is best kept as low as 3:1 and, unless 
special effects are desired, should not exceed 5:1. 
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The following table may serve as a guide to exposure when the tungsten 
light incident upon the subject can be measured in foot-candles. The 
table is for average subjects containing some light, some medium, and 
some dark colours. If a subject is composed entirely of very light pastel 
shades, give at least } stop less exposure; if dark colours, at least 4 stop 
more exposure is recommended. Slight differences in lamp-to-subject 
distances affect illumination intensity, and the lamps should not be 
moved once the final measurement has been taken. 





EXPOSURES FOR INCIDENT LIGHT MEASURED IN FOOT-CANDLES 


Incident light (in foot-candles) . . . 18 35 70 140 | 280 | 560 


Lens aperture (at 24 frames per second) f/2 | f/2:8 | f/4 | f/5-6 | f/8 





The following tables give suggested exposures for average subjects in a 
studio with light walls and furnishings. They are based on the use of two 
lamps, both at the same distance from the subject, the “fill-in” light being 
close to the camera, and level with it, whilst the main light is on the other 
side of the camera, 2-4 feet higher and within 45° of the camera-subject 
axis. This arrangement yields a lighting ratio of about 2:1; for a 3:1 
ratio, place the fill-in light half as far again from the subject and give } 
stop more exposure. These tables, therefore, should be taken as guides, 
when using a camera speed of 24 frames per second. 





LAMP-TO-SUBJECT DISTANCES FOR 500-W REFLECTOR FLOODLAMPS 
(3200°K)*—24 frames per second 


Lens aperture ..... f/8 f/4 | f/2-8 | £f/2 | f/l-4 


Distance of lamps from subject (ft) . 23 S$ 8 I 16 





NOTE: Lamp brightness decreases somewhat with age. Owing to this and other factors, the use of an 
exposure meter is advised. 

* When using 500-watt, 3200°K lamps in reflectors, give | stop more exposure or move the lamps to 
three-quarters of the indicated distance. 





LAMP-TO-SUBJECT DISTANCES FOR 500-W REFLECTOR PHOTOFLOODS 
(3400°K)*}—24 frames per second 






Lens aperture. 3 Bd ahaa f/8 | f/5°6 


Distance of lamps from subject (ft) . 


NOTE: Lamp brightness decreases somewhat with age. Owing to this and other factors, the use of an 
exposure meter is advised. 

* Using a ‘Wratten’ 81A filter over the camera lens. 

t+ When using No. 2 Photofloods in reflectors, or 275-watt reflector Photofloods, give | stop more 
exposure or move the lamps to three-quarters of the indicated distance. When using No. | Photo- 
floods, give 2 stops more exposure or move the lamps to half the indicated distance. 
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For camera speeds other than 24 frames per second, including high- 
speed cinematography, the aperture corrections are given on page 4. 
From these figures, it follows that unless the subject area is 
extremely small (permitting the lamps to be placed close to the subject), 
ordinary floodlamps will provide insufficient illumination for adequate 
exposure. For example, when filming a subject of about 4 square feet in 
area, at a camera speed of 2000 frames per second and an aperture of 
f/2°8, an illumination of approximately 10000 foot-candles will be re- 
quired; to obtain this 6-10 kilowatts of lighting will be needed, in the form 
of powerful spotlights. It is advisable to determine the exposure necessary 
by practical trial under the particular conditions of use. 


Photography by existing light: The following trial exposures are suggested 
for filming by existing illumination: 
Sports and similar floodlit arenas (about 30-40 ft-candles incident)— 
f/2 at 24 frames per second 
Factory and other brightly-lit interiors (about 60-80 ft-candles 
incident)—//2°8 at 24 frames per second 


Reciprocity characteristics: At the normal meter setting for 3200°K 
lamps (given in the table on page 5), Type 7242 film can be exposed at times 
between | second and 1/100 000 second without the need to compensate in 
exposure or colour balance for reciprocity failure. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
EKTACHROME 
WRATTEN 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-IC 
PDFM-I.C/xWP10/3-67 


‘KODAK’ HIGH-SPEED ‘EKTACHROME?’ FILMS, 
DAYLIGHT TYPE AND TYPE B 


GENERAL PROPERTIES AND USES 


These are very fast, multi-layer, reversal, colour films intended for 
processing by the user, or by any suitable processing laboratory. 

Both types of film produce colour transparencies which can be viewed 
direct, projected, or used as originals for colour prints; they are also 
entirely suitable for use in photomechanical reproduction processes and 
as originals for subsequent duplication. 


High-Speed ‘Ektachrome’ Film, Daylight Type 


This film is balanced for exposure by sunlight, but by the use of 
different filters can satisfactorily be used with other types of illumination. 


High-Speed ‘Ektachrome’ Film, Type B 


This film is balanced for the proper rendering, without filters, of 
subjects illuminated by tungsten lamps having a colour temperature of 
3100°-3200°K. Because of its high speed it can be used for photography 
by the existing artificial light with a suitable filter. Satisfactory rendering 
is also given by flashbulb illumination when using clear flashbulbs and 
the Kodak ‘Wratten’ Filter No. 81C, and by other illuminants when 
suitable filters are used. 


SENSITIZATION 


These films are sensitive to all colours of the visible spectrum and must 
therefore be handled in total darkness. 


STORAGE OF UNEXPOSED FILM 


Careful storage plays a large part in maintaining the unexposed film 
in good condition. It should be kept in a cool, dry place, and to ensure 
best results films should be processed as soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should 
be exposed and processed by this date if results of the best quality are to 
be obtained. It is strongly urged that stocks be arranged so that films 
are issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the final 
transparency. The problem of storage is fully discussed in Data Sheet 
CL-4, “‘The Storage of Colour Materials’’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
they have been opened. If stored near radio-active material or an X-ray 
machine, films must be protected from their effects by an adequate thick- 
ness of lead or some other protective material. 
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PROCESSING 


High-Speed ‘Ektachrome’ films should be processed as soon as possible 
after exposure so as to avoid any possible changes in the latent image 
which may be produced by such conditions as high temperature or high 
humidity. 

These films are designed to be processed in chemicals available as 
Kodak ‘Ektachrome’ Film-Processing Chemicals, Process E-2; full 
processing instructions and directions for mixing are enclosed. 


STORAGE OF TRANSPARENCIES 
Full information may be found in Data Sheet CL-4. 


HIGH-SPEED ‘EKTACHROME’ FILM, DAYLIGHT TYPE 


SPEED AND EXPOSURE 


As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the colour balance considerably and it is therefore 
desirable that exposures be gauged correctly, to within } stop if possible 
(see Data Sheet CL-6). 


Detailed exposure information is presented on the following pages, 
but an additional factor should be considered when an exposure meter 
is used. Reference to the exposure tables and footnotes will show that, 
with diaphragm shutters when small apertures and the faster shutter 
speeds are necessary, the settings indicated by the meter may result in 
over-exposure. When the speeds of such shutters are correctly calibrated 
at full lens aperture, they characteristically give somewhat more than 
the marked exposure at the faster speeds (i.e., approximately 1/200th 
second or shorter) when they are used with small lens apertures (i.e., 
approximately f 6-3 or smaller). The error in exposure may amount to 
3 stop. 


For example :— 


Meter readings for normal subjects in bright sunlight, with Daylight 
Type film, would typically indicate 1/200th or 1 250th second at f/12°5. 
To make allowance for the increased efficiency of diaphragm shutters at 
this small aperture, it is recommended that the meter indication for 
normal subjects in bright sunlight be modified to 1,200th or 1/250th 
second at f.16. Any other meter readings which call for a fast shutter 
speed at a small lens aperture should be similarly decreased by approxi- 
mately } stop, but no such adjustments are necessary when focal- 


plane shutters are used. 
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The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in B.S./ASA (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. 










DIN 
(LOGARITHMIC) 


Day- Photo- | 3200°K | Day- Day- Photo- | 3200°K 
light floodt | lampst | light light floodt | lampst 


80¢ 80+ 33° 23 204 204 


B.S./ASA B.S. 
(ARITHMETICAL)* (LOGARITHMIC) 



















*These figures should be used with Weston Master IIl and IV meters; with Weston Master Il, and all 
earlier models, a figure approximating to ¢ of these figures should be used. 


tFor best results, the use of Daylight Type film, with correcting filters, is not recommended for tungsten 
illumination; whenever possible, Type B film should be used (see page 8 for exposure recommendations). 


$With Kodak ‘Wratten’ Filter No. 80B. 


Filters 


The purpose of the various filters listed in the following table is to 
enable Daylight Type film to be exposed successfully by different types 
of illumination, including that for which it is balanced. Further in- 
formation may be found in Data Sheets CL-3 and CL-14. 





INCREASE 
USE ‘KODAK’ FILTER IN 
EXPOSURE 
In daylight. 2. 2. 2. 2. Normally no filter * 
In daylight within two hours 
of sunrise or sunset. . . . ‘Wratten’ No. 82A 4 stop 


In bluish daylight, or when an 
excess of ultra-violet radiation 
ispresent. . . . 1... ‘Wratten’ No. IA None 
(‘Kodak’ Skylight) 
With xenon-filled electronic 
flashtubes . 2. 2. 1. 7. A filter may not be necessary, but _— 
some flash units give better results 
with one of the following 
‘wratten’ filters—No. 81, 8IA, 
81B, or IA 





*The appropriate meter setting should be used as given above. 


Daylight exposures 


In general, the best colour rendering is obtained in clear or hazy 
sunlight. The bluish cast which is sometimes evident in pictures taken 
in the shade under a clear blue sky, or under other conditions of excess 
ultra-violet radiation, can be minimized by the use of a ‘Wratten’ Filter 
No. 1A (‘Kodak’ Skylight), which requires no increase in exposure. 
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The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset. 
In winter the aperture should be opened by 1 stop. A shutter speed of 
1/200th or 1/250th second applies throughout :— 


econ 
FALL oO WEAK 
SUBJECT 
i————____————_| HAZY 
TYPE Front of Side or SUN BRIGHT 
Subject Back* 
Light. f/18$ f/16¢ f/12-5$ f/9t 
Average§ . f/l6t f/12-5¢ F/VIE f/8+ 
Darks. 4 a we f/l2-5+ F/V NE F/9t f/5°6 





NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, |} stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


*With back-lit close-up subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is 
frequently useful—see below. 


tSubjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


fWicth focal-plane shutters, } stop larger lens aperture should be used—see page 2. 
§This classification should be used if in doubt. 


Supplementary flash in daylight 


In bright sunlight the lighting contrast is frequently excessive, particu- 
larly with close-up subjects lit from the side or back. This contrast can 
be lowered, and a natural effect retained, by the use of a reflector (see 
Data Sheet CL-7), or by the judicious use of a “‘fill-in” light-source in 
the form of a supplementary flash using blue-coated flashbulbs. In the 
following table a range is given of lamp-to-subject distances, for typical 
combinations of shutter speed and aperture, because the amount of “‘fill- 
in” light is largely a matter of personal preference; the nearer distance 
gives the most lightening of the shadows. Electronic flash may also 
be used. 

Because of the fast shutter speeds required when using this film in 
sunlight, only cameras with fully synchronized shutters (i.e., with M- 
synchronization) can be used for “‘fill-in”’ flash with flashbulbs. However, 
oon having only X-synchronization may be used with electronic 

ash. 











BLUE FLASHBULB (Class M) 
WITH M-SYNCHRONIZATION 


AG.IB No. IBS or PF.1B 


TYPICAL SHUTTER SPEED 
AND APERTURE 

















2-inch 2-inch 4-inch 

polished polished satin-finish 

reflector reflector reflector 
1/100th or 1/125th second at f/22 8-14 feet 7-12 feet 8-14 feet 
1/200th or 1/250th second at f/16 10-18 feet 8-14 feet 10-18 feet 





NOTE: At shorter distances than those given in the table, a white handkerchief should be draped over 
the bulb and reflector. 
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Blue flashbulbs 


Although intended for supplementing daylight, blue flashbulbs can be 
used in an emergency as the sole light source. The results should not, 
however, be expected to match the colour quality of transparencies made 
on High-Speed ‘Ektachrome’ Film, Type B, exposed with clear flashbulbs 
when using a Kodak ‘Wratten’ Filter No. 81C. To determine the 
recommended f/number for average subjects, the guide number should be 
divided by the selected flashbulb-subject distance (in feet). For dark- 
coloured subjects the aperture should be opened by 2 } stop; for light- 
coloured subjects the aperture should be closed by 4 stop. If the sur- 
roundings provide little or no reflected light, as in a large hall or studio, 
or out of doors, the aperture should be opened by 1 stop. Conversely, 
for those subjects on to which a great deal of light is reflected as in small 
rooms with walls of light tone, the aperture should be closed by 1 stop. 
These corrections may be combined when necessary. These guide 
numbers serve as a guide to the correct exposure, but should be used 
only as a basis for practical trial. Further information concerning the 
conditions of use may be found in Data Sheet RF-8. 


SHUTTER SPEED 


BLUE FLASHBULB Open Flash 1/50th 1/100th 1 /200th 
and up or or 
to 1 /30th 1/125th 1/250th 
second second second 
Class M 
*AG.|B—2-inch polished reflector . 160 125+ 100} 
*No. IBS (2-inch polished reflector 125 100+ 80t 
or 4-inch satin-finish reflec- 
PF.IB COPS oak Ji. ase Sy 160 125+ 100+ 
No. 5B—4 to 5-inch satin-finish 
reflector . . . 180 140+ 110+ 
Atlas Blue—4 to 5-inch ssstineanith 
reflector . . . 220 180+ 140+ 
PF.60/97—4 to 7-inch cafiacPinisl 
reflector . . 7 360 280+ 220+ 
Class S$ 


PF.100/97—6 to 7-inch satin-finish 
reflector . 


Class FP 
PF.24/97—4 to 5-inch satin-finish 


reflector : ¢ 56 
PF.45/97—6 to 7-inch sgnchdich 
reflector é 80 





NOTE: Flashbulb classes are described overleaf. 


*If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


tWith M-synchronization. 
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Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of 1/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of |/I5th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures 


Guide numbers should be obtained from the manufacturer of the 
equipment, or determined by trial. A filter may not be necessary, but 
some units give better results with one of the following ‘Wratten’ filters— 
No. 81, 81A, 81B, or 1A. 


HIGH-SPEED ‘EKTACHROME’ FILM, TYPE B 


SPEED AND EXPOSURE 


As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the colour balance considerably and it is therefore 
desirable that exposures be gauged correctly, to within } stop if possible 
(see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in B.S.;ASA (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. 


















B.S./ASA 
(ARITHMETICAL)* 


DIN 


B.S. 
(LOGARITHMIC) (LOGARITHMIC) 



















3200 K | Photo- Day- 3200 K | Photo- Day- 
lamps flood light lamps flood light 
100+ 80+ 22 2It 204 





*These figures should be used with Weston Master III and IV meters; with Weston Master II, and all 
earlier models, a figure approximating to ¢ of these figures should be used. 


tWith Kodak ‘Wratten’ Filter No. 81A. 
With Kodak ‘Wratten’ Filter No. 85B. 
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Filters 


The purpose of the various filters listed in the following table is to 
enable Type B film to be exposed successfully by different types of 
illumination, including that for which it is balanced. Further informa- 
tion may be found in Data Sheets CL-3 and CL-14. 


INCREASE 
USE ‘KODAK’ FILTER IN 

EXPOSURE 
With 3100°-3200°K lamps . 2 No filter * 
In daylight Z “ ‘Wratten’ No. 7 
With Photoflood lamps 3300°-3400°K . A ‘Wratten’ No. x 
With clear wire-filled or foil-filled flashbulbs ‘Wratten’ No. t 
A series of brownish filters which may be ‘Wratten’ No. 4 Stop 
used for reducing the effective colour tem- ‘Wratten’ No. 4 stop 
perature of illuminants when this cannot be ‘Wratten’ No. 4 stop 
conveniently controlled by sieeve the ‘Wratten’ No. 4 stop 
the mains voltaget . . . . aes ‘Wratten’ No. 2 stop 
A series of bluish filters which may be used ‘Wratten’ No. 4 stop 
for increasing the effective colour tempera- ‘Wratten’ No. + stop 
ture of illuminants when this cannot be con- ‘w oN 7 
veniently controlled by ee ee the mains vatcen: NO: 3 Stop 
voltaget . . . 1... Se ‘Wratten’ No. 2 stop 





*The appropriate meter setting should be used as given above. 
tExposure recommendations are given on page 9. 
{The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 


meter or by practical trial. Further information may be found in Data Sheet CL-5. 
Tungsten-light exposures 

It is important to avoid mixing different types of light in the illumi- 
nation of a subject, as this will produce local variations in colour balance. 
For colour photography it is a fairly basic rule that all lights should be 
of the same colour temperature to within 100°K. 

Because the range of tones, from highlight to shadow, which colour 
film will record successfully is somewhat short, it is preferable to avoid 
subjects in which there is significant detail in both extreme highlights 
and deep shadows. There is some latitude in the permissible contrast 
of lighting between highlight and shadow areas, depending on the colour 
contrast and the relative importance of each of these areas. In general, 
the lighting ratio should not exceed 3:1 for average subjects, but with 
low-contrast subjects, a ratio of 4:1 is permissible. These lighting ratios 
give the best results on subjects which are to make transparencies for 
reproduction. For transparencies intended for projection or viewing, a 
somewhat higher lighting ratio is permissible and, when special effects 
are desired, lighting ratios as high as 10:1 may be used. Further in- 
formation may be found in Data Sheet CL-8. 
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The table below suggests approximate exposures for average subjects 
in a room or studio with a light ceiling, and light walls and furnishings. 
They are based on the use of two lamps, each being at the same distance 
from the subject and within 45° of the camera-subject axis. Exposures 
will vary to some extent according to the amount of light reflected from 
the ceiling, walls, and furnishings. This table, therefore, should be used 
as a basis for practical experiments. 





TUNGSTEN-LIGHT EXPOSURES at 1/25th or 1|/30th second 


Distance of Lamps from Subject (feet) 
meee 14 10 7 5 3 


nNi= 


Two No. | Photofloods in ‘Kodaflector’ 
reflectors* . . srs Ie Ae f/4 f/56 | £/8 f/ll f/16 


Two No. 2 aatanneds in ‘Kodalite’ 
reflectors or two 275-watt reflector 


Photofloods*. . . . 2... 1. f/5-6 | £/8 F/I f/\6é f/22 
Two 500-watt reflector Photofloods* . f/8 fill f/16 f/22 f/32 
Two 500-watt (3200°K) Hoss yarans. in 

‘Kodalite’ reflectors . . f/4 f/5-6 | f/8 F/M f/16 





*Wich a Kodak ‘Wratten’ Filter No. 81A over the camera lens. 


Flashbulb guide numbers 


The flashbulb guide numbers given opposite assume the use of a 
‘Wratten’ Filter No. 81C, and apply for average subjects in a studio or 
large room when using a reflector suitable for the particular flashbulb. 
The guide number should be divided by the selected flashbulb-subject 
distance (in feet) to obtain the recommended fnumber. For dark- 
coloured subjects the aperture should be opened by } stop; for light- 
coloured subjects the aperture should be closed by } stop. If the 
surroundings provide little or no reflected light, as in a large hall or 
studio, or out of doors, the aperture should be opened by 1 stop. 
Conversely, for those subjects on to which a great deal of light is reflected, 
as in small rooms with walls of light tone, the aperture should be closed 
by 1 stop. These corrections may be combined when necessary. 
These guide numbers serve as a guide to the correct exposure, but should 
be used only as a basis for practical trial. Further information concern- 
ing the conditions of use may be found in Data Sheet RF-8. 
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FLASHBULB GUIDE NUMBERS FOR HIGH-SPEED ‘EKTACHROME?’ FILM, 
TYPE B, WITH ‘WRATTEN’ FILTER No. 81C 


SHUTTER SPEED 


FLASHBULB* Open Flash} 1/50th 1/100th 1/200th 
and up or or or 
to 1/30th 1/60th 1/125th 1/250th 
second second second second 
Class M 
tAG.1—2-inch polished reflector . 140 125¢ 1104 904 
tNo. |, iene polished reflector . 90 80t 724 56t 
PF.I 
or ‘| 4-inch  satin-finish reflec- 
Typel ltor . 2... 1004 904 724 
No. 5, PF.5, Lpee teat inch satin- 
finish reflector . . . 160+ 1404 110t 
No. 22, PF.60—6 to 7-inch satin- 
finish reflector . . . ‘ 280+ 250¢ 2004 
Class $ 


PF.100—6 to 7-inch satin-finish 
reflector ; 


Class FP 
PF.24—4 to 5-inch satin-finish 


reflector 80 56 
PF.45—6 to 7-inch satin-finish 
reflector : 110 80 





*Flashbulb classes are described on page 6. 


tIf shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should be 
halved. 


$With M-synchronization. 


Electronic-flash exposures 


Guide numbers should be obtained from the manufacturer of the 
equipment, or determined by trial. A ‘Wratten’ Filter No. 85B should 
be used over the camera lens. 


Daylight exposures 

Although Daylight Type film is the principal recommendation for 
daylight exposures, Type B film may be used very satisfactorily provided 
a ‘Wratten’ Filter No. 85B is used over the lens. With this combination 
of film and filter, the additional use of a ‘Wratten’ Filter No. 1A (‘Kodak’ 
Skylight), under conditions of excess ultra-violet radiation, is superfluous. 
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The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset. In 
winter the aperture should be opened by 1 stop. A shutter speed of 
1/100th or 1/125th second applies throughout :— 


CLEAR SUN CLOUDY- 

SUBJECT FALLING ON DULL 
TYPE Poet tilh vee chad OR 

Front of Side or tOPEN 

Subject Back* SHADE 

Light. . is Say a 28 f/12-5 fil : f/4°5 
Averaget. . fill f/9 5 f/4 
Dark. 2. 2 2. ww, f/9 : . f/3-2 





NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, I+ stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


*With back-lit close-up subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting supplementary flash is fre- 
quently useful. 


tSubjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


tThis classification should be used if in doubt. 


Kodak, and product names quoted thus—‘Ektachrome’—are trade marks 
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KODAK ‘EKTACHROME’ FILMS, 
DAYLIGHT TYPE AND TYPE B—PROCESS E-3 





THE three varieties of film at present available are:— 
‘Ektachrome’ Film, Daylight Type (sheet) 
‘Ektachrome’ Professional Film, Daylight Type 
(N.B.—This film is at present available in 120 size rolls only.) 
‘Ektachrome’ Film, Type B (sheet) 


General properties and uses: ‘Ektachrome’ Films, Daylight Type are 
medium-speed, multi-layer, reversal, colour films for general outdoor use, 
intended for processing by the user, or by any suitable processing labora- 
tories. 

‘Ektachrome’ Film, Type B, is a similar film, but is balanced for expo- 
sure by 3200°K tungsten illumination. 

Both types of film produce positive colour transparencies which can be 
viewed direct, projected, or used as originals for colour prints; they are 
also entirely suitable for colour-reproduction processes. 


Sensitization: ‘Ektachrome’ films are sensitive to all colours of the 
visible spectrum and must therefore be handled in total darkness. 


‘EKTACHROME’ FILMS, DAYLIGHT TYPE (E-3) 


These are balanced for exposure in sunlight, but by the use of different 
filters can satisfactorily be used with other types of illumination. 


‘EKTACHROME’ FILM, TYPE B _ (E-3) 


The colour sensitivity of this film is adjusted to produce correctly 
colour-balanced transparencies when exposed to light having a colour- 
temperature of 3200°K, or to other illuminants when suitable filters are used. 


Storage of unexposed film: Careful storage plays a large part in main- 
taining unexposed ‘Ektachrome’ film in good condition. Unexposed 
film should be kept in a cool, dry place, and to ensure best results, films 
should be processed as soon as possible after exposure. 

The moisture-proof packings of ‘Ektachrome’ film carry an expiry date 
and films should be exposed and processed by this date if results of the 
best quality are to be obtained. It is strongly urged that stocks be arranged 
so that films are issued and used in the sequence of expiry dates. 

Changes may occur in ‘Ektachrome’ film with age, especially if stored 
under adverse conditions, and these may impair the colour balance of the 
final transparency. The problem of storage is fully discussed in Data 
Sheet CL-4, ‘‘The Storage of Colour Materials”. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
they have been opened. If stored near radio-active material or an X-ray 
machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 


Filters: The purpose of the various filters listed in the tables overleaf is 
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to enable ‘Ektachrome’ film to be exposed successfully by a different type 
of illumination from that for which it is balanced. Further information 
may be found in Data Sheets CL-3 and CL-14. 


‘EKTACHROME?’ FILM, DAYLIGHT TYPE (E-3) 


‘ Ogee Increase in 
Use Kodak’ Filter Exposure 


In daylight . . Normally no filter * 


In daylight, within two hours of 
sunrise or sunset. . . . . . ‘Wratten’ No. 82A 


In bluish daylight or when an excess ‘Wratten’ No. IA 
of ultra-violet radiation is present (‘Kodak’ Skylight) 


With xenon-filled electronic flash- See supplementary _ in- 
CUDES' 2p sie ce oe ue ie structions included with 
each package of film. 


§ (With Colour-matching — or 
Northlight fluorescent tubes) . (CC 05B) (4 stop) 


§ (With daylight fluorescent tubes) (CC 05M plus CC 05B) (2 stop) 
§ (With white-flame carbon arcs) . (CC 40Y) (4 stop) 


‘EKTACHROME’ FILM, TYPE B (E-3) 


F fg Increase in 
Use Kodak’ Filter Exposure 


With 3200°K lamps No filter 
In daylight . ; - “3 ‘Wratten’ No. 


With Photoflood lamps, 3300°- ‘Wratten’ No. 
3400°K Se adhe de Ben “a SS 


With clear wire-filled or foil-filled 


flashbulbs ‘Wratten’ 


With warm-white fluorescent tubes No filter 


A series of brownish filters which 
may be used for reducing the 
effective colour temperature of 
illuminants when this cannot be 
conveniently controlled by ad- 
justing the mains voltage ¢ 


‘Wratten’ 
‘Wratten’ 
‘Wratten’ 
‘Wratten’ 
‘Wratten’ 


WIPNI-w|—o|-0|— 


A series of bluish filters which may 
be used for increasing the effec- ‘Wratten’ 
tive colour temperature of illu- ‘Wratten’ 
minants when this cannot be ‘Wratten’ 
conveniently controlled by ad- ‘Wratten’ 
justing the mains voltage ¢ 


BINO|YNI-w|— 





* The appropriate meter setting should be used as given opposite. 

+ Exposure recommendations are given on page 6. 

$+ The appropriate choice ofa filter for a given illuminant is best made by means of a colour-temperature 
meter, or by practical trial. Further information may be found in Data Sheet CL-S. 

§ Tentative recommendation. 
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Speed and exposure: As with all forms of colour material, ‘Ektachrome’ 
films require more precise estimation of exposure than is necessary with 
monochrome materials. Errors in exposure affect the colour balance 
considerably and it is therefore desirable that exposures be gauged 
correctly, to within half a stop if possible. 

The meter settings in the following table are suitable for use with 
meters and calculators scaled in B.S./ASA (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. These meter settings are 
based on average emulsions used under average conditions; a supple- 
mentary instruction sheet is included with each packing of film which gives 
exposure information applying specifically to the ‘Ektachrome’ film (E-3) 
bearing the emulsion number given. It is intended as a guide to the 
user in making a test exposure when colour-balance and exposure require- 
ments are critical. 


METER SETTINGS 


B.S. ASA (arithmetical) * B.S. (logarithmic) DIN (logarithmic) 


Day- Photo- | 3200°K | Day- | Photo- | 3200°K | Day- Photo- | 3200°K 
light flood lamps light flood lamps light flood lamps 


‘EKTACHROME’ FILMS, DAYLIGHT TYPE (E-3) 
Bh S| ee ee ame oes I see ee I Se ie 
‘EKTACHROME’ FILM, TYPE B (E-3) 
257 | 259+ l6x* 


32** 26° | Ist | 155+ 











25°t 





25°S ** 





* These figures should be used with Weston Master Ill and IV meters; for Weston Master II, and all 
earlier models, a figure approximating to 4/5ths of these figures should be used. 


+ For 1/50th or 1/60th second exposure. 
+ With Kodak ‘Wratten’ Filter No. 85B. 
§ With Kodak ‘Wratten’ Filter No. 81A. 


** For adtsecond exposure; for the effect of longer exposure times see the supplementary instructions 
included with each package of film. 


‘EKTACHROME’ FILMS, DAYLIGHT TYPE (E-3) 


Daylight Exposures: In general, the best colour rendering is obtained in 
bright or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky can be minimized by 
the use of a Kodak ‘Wratten’ Filter No. 1A (‘Kodak’ Skylight), which 
requires no increase in exposure. 

The following table may be used as a guide to the correct exposure 
for a period from two hours after sunrise to two hours before sunset. In 
winter the aperture should be opened by 1 stop. A shutter speed of 1/50th 
or 1 60th second applies throughout :— 
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CLEAR SUN cLouDy: 


CLOUDY- | DULL OR 

Sa Le BRIGHT +OPEN- 
Front of Side or SHADE 
Subject Back * 


SUBJECT FALLING ON 
TYPE 


Light f.18 f16 f:6-3 
Average: . fi 16 f.12-5 f 5-6 
Dark F/12-5 fill i £45 





NOTE: Use these figures for snow scenes in winter in temperate latitudes. For subjects on light dry 
sand or snow, | stop less exposure should be given; for high-altitude snow scenes, |} stops less. 


* With back-lit close-up subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is 
frequently useful —see below. 


+ Subjects shaded from the sun but lit by a large area of clear, unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


t This classification should be used if in doubt. 


Supplementary Flash in Daylight : In bright sunlight the lighting contrast 
is frequently excessive, particularly with close-up subjects lit from the 
side or back. This contrast can be lowered, and a natural effect retained 
by the use of a reflector (see Data Sheet CL-7), or by the judicious use 
of a “fill-in” light-source in the form of a supplementary flash. In the 
following table a range is given of lamp-to-subject distances, for a typical 
combination of shutter speed and aperture, because the amount of “‘fill- 
in” light is largely a matter of personal preference; the nearer distance 
gives the most lightening of the shadows. Electronic flash may also be 
used. 


BLUE FLASHBULB 


SPEED AND 
APERTURE 


TYPICAL SHUTTER Class M Class FP 


No. IBS Atlas 
PF.IB No. 5B Blue PF.24 97 | PF.45 97 





*| 25th or | 30th second at f. 22 7-|2 ft} 8-14 ft} 10-18 fe _— — 
| 50thor | 60thsecondatf 16 | $9-I7 ft}/f10-18 fe/+12-20 fe} 6-I1 fc | 9-15 fe 


1 100th or | 125th second 
atf ll eos i a 


12-20 ft} 13-22 fe 8-15 ft | 11-18 fe 





* With X or F-synchronization. 
+ With M-synchronization. 
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Blue Flashbulbs: Although intended for supplementing daylight, blue 
flashbulbs can be used in an emergency as the sole light-source. The 
results should not, however, be expected to match the colour quality of 
transparencies made on ‘Ektachrome’ Film, Type B, exposed with clear 
flashbulbs when using a Kodak ‘Wratten’ Filter No. 81C. To determine 
the recommended // number for average subjects, the guide number should 
be divided by the selected flashbulb-subject distance (in feet). For dark- 
coloured subjects, the aperture should be opened by half a stop; for light- 
coloured subjects, the aperture should be closed by half a stop. Addi- 
tionally, in studios, or large rooms, the aperture should be opened by 
half a stop; in small rooms with light-coloured walls the aperture should 
be closed by half a stop. 


BLUE FLASHBULB 


SHUTTER SPEED Class M Class S$ Class FP 


No. IBS No. 5B Atlas | PF. PF. PF PF. 


PF.IB Blue | 60/97 | 100/97 | 24/97 | 45/97 


Open flash and up to 
1/30th second 


1/50th or 1/60th second 
1/100th or 1/125th second 
1/200th or 1/250th second 





* With M-synchronization. 

Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with 
synchronized diaphragm shutters with M-synchronization at shutter speeds of |/25th second or 
shorter. May also be used with X-synchronization or F-synchronization at shutter speeds of 
1/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/30th second or longer, and with X-syn- 
chronization or F-synchronization at shutter speeds of !/!5th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


‘EKTACHROME’ FILM, TYPE B (E-3) 


Tungsten Light Exposures: It is important to avoid mixing different types 
of light in the illumination of a subject, as this will produce local variations 
in colour balance. For colour photography, it is a fairly basic rule that 
all lights should be of the same colour temperature to within 100°K. 
Because the range of tones, from highlight to shadow, which colour film 
will record successfully is somewhat short, it is preferable to avoid 
subjects in which there is significant detail in both extreme highlights and 
deep shadows. The contrast of lighting between the highlight and 
shadow areas is best kept as low as 3:1, and, unless special effects are 
desired, should not exceed 4:1; on subjects which are to make trans- 
parencies for reproduction, it can with advantage be kept down to a 
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ratio of 2:1. Further information on this subject may be found in Data 
Sheet CL-8. 

The table below suggests approximate exposures for average subjects 
in a room or studio with light walls and furnishings. They are based on 
the use of two lamps in studio lighting units, both being at the same 
distance and within 45° of the camera-subject axis. Exposures will vary 
to some extent according to the shape and surface of the reflectors used, 
and also the amount of reflected light from walls, ceilings, etc. This 
table therefore should be used as a basis for practical experiments, when 
using two 500-watt 3200°K lamps. 


Distance of Lamps from 
Subject (ft) 


Exposure *—4 second at 





* For the effect of longer exposure times, see the supplementary instructions included with each package 
of film. 


Flashbulb Guide Numbers: The flashbulb guide numbers given below 
assume the use of a ‘Wratten’ Filter No. 81C, and apply for subjects in a 
studio or large room when using a reflector suitable for the particular 
flashbulb. The guide number should be divided by the selected flashbulb- 
subject distance (in feet) to obtain the recommended f; number. These 
guide numbers serve as a guide to the correct exposure, but should be used 
only as a basis for practical trial. Further information may be found in 
Data Sheet RF-8. 


FLASHBULB * 


SHUTTER ee Class FP 
SPEED 


PF.100 | PF.24 PF.45 


Open flash and up to 
1/30th sec a 1 
150th or 1/60thsec . 
1: 100th or 1/125th sec 
| 200th or | 250th sec 





* Flashbulb classes are described under the table on page 5. 
+ With M-synchronization. 


Daylight Exposures: Although Daylight Type film is the principal 
recommendation for daylight exposures, Type B film may be used very 
satisfactorily provided a ‘Wratten’ Filter No. 85B is used over the lens. 
With this combination of film and filter, the additional use of a ‘Wratten’ 
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Filter No. 1A (‘Kodak’ Skylight), under conditions of excess ultra- 
violet radiation, is superfluous. 

The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset. In 
winter the aperture should be opened by 1 stop. A shutter speed of 1/50th 
or 1/60th second applies throughout :— 


CLEAR SUN CLOUDY- 

FALLING ON DULL OR 

SUBJECT CLOUDY- +OPEN- 
TYPE Front of Side or BRIGHT 


SHADE 
Subject Back * 


Light fil2-5 fill f'6:3 f/495 


Averaget . fill fi9 f'5°6 fi4 
Dark f/9 f'8 f/4°5 fi3-2 





NOTE: Use these figures for snow scenes in winter in temperate latitudes. For subjects on light dry 

sand or snow, I stop less exposure should be given; for high-altitude snow scenes, |4 stops less. 

* With back-lit close-up subjects containing important shadow detail, the exposure increase may amount 
to one stop, depending on the effect required. 

+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 

t This classification should be used if in doubt. 


Processing: ‘Ektachrome’ films should be processed as soon as possible 
after exposure, so as to avoid any possible changes in the latent image 
which may be produced by such conditions as high temperature or 
humidity. 

These films are designed to be processed in chemicals available as 
the Kodak ‘Ektachrome’ Film-Processing Kit, Process E-3. Full instruc- 
tions are provided with the kits. 


Storage of transparencies: Full information may be found in Data Sheet 
CL-4. 
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The following product names appearing 
in this Data Sheet are trade marks 
KODAK 
WRATTEN 
EKTACHROME 
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KODAK ‘EKTACHROME-X’ FILM, 
DAYLIGHT TYPE—PROCESS E-2 





General properties and uses: ‘Ektachrome-X’ Film, Daylight Type, is 
a multi-layer, reversal colour film, intended for general outdoor photo- 
graphy, possessing a higher speed than Kodak ‘Ektachrome’ Film, Day- 
light Type—Process E-2. 

This film is balanced for exposure in daylight but by the use of different 
filters can satisfactorily be used with other types of illumination. 


Sensitization: This film is sensitive to all colours of the visible spectrum 
and must therefore be handled in total darkness. 


Filters: The purpose of the various filters listed in the following table 
is to enable this film to be exposed successfully by different types of 
illumination, including that for which it is balanced. Further infor- 
mation may be found in Data Sheets CL-3 and CL-14. 





‘ , INCREASE IN 
USE KODAK’ FILTER EXPOSURE 
In daylight .. a 27) Normally no filter * 
In daylight, within two hours of 
sunrise or sunset... .. . ‘Wratten’ No. 82A + stop 
In bluish daylight, or when an 
excess of ultra-violet radiation is 
Present 2c a eke 2 Gea ‘Wratten’ No. IA 
(‘Kodak’ Skylight) None 


With xenon-filled electronic flash- 
CUBES: 2 GVM, Cae eG as t _— 





* The appropriate exposure or meter setting should be used as given overleaf. 
+A filter may not be necessary, but some flash units give better results with one of the following 
‘Wratten’ filters—No. 81, 8I1A, 81B, or IA. 


Storage of unexposed film: Careful storage plays a large part in main- 
taining the unexposed film in good condition. It should be kept in a cool 
dry place, and to ensure best results films should be processed as soon 
as possible after exposure. 

The moisture-proof packings carry an expiry date, and film should be 
exposed and processed by this date if results of the best quality are to be 
obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the final 
transparency. The problem of storage is fully discussed in Data Sheet 
CL-4, ‘‘The Storage of Colour Materials’’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once they 
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have been opened. If stored near radio-active material or an X-ray 
machine, films must be protected from their effects by an adequate thick- 
ness of lead or some other protective material. 


Speed: As with all photographic colour materials, this film requires more 
precise estimation of exposure than is necessary with monochrome 
materials. Errors in exposure affect the colour balance considerably 
and it is therefore desirable that exposures be gauged correctly, to within 
4 stop if possible (see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
meters and calculators scaled in B.S./ASA (arithmetical), B.S.(logarithmic), 
or DIN (logarithmic) speeds. 





B.S./ASA B.S. DIN 
(ARITHMETICAL)* (LOGARITHMIC) (LOGARITHMIC) 









Daylight Photoflood Daylight Photoflood Daylight Photoflood 


25+ 29° 25°+ 19 15st 


















64 





* These figures should be used with the Weston Master I11 meter: with all earlier models, a figure 
approximating to 4/5ths of these figures should be used. 


+ Not recommended: in emergency use ‘Wratten’ Filter No. 80B. 


Daylight exposures: In general, the best colour rendering is obtained 
in clear or hazy sunlight. The bluish cast which is sometimes evident 
in pictures taken in the shade under a clear blue sky, or under other 
conditions of excess ultra-violet radiation can be minimized by the use 
of a ‘Wratten’ Filter No.1A (‘Kodak’ Skylight), which requires no increase 
in exposure. 

The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset. In 
winter the aperture should be opened by 1 stop. A shutter speed of 
1/100th or 1/125th second applies throughout :— 





CLEAR SUN CLOUDY- 
FALLING ON 
SUBJECT CLOUDY- tte 
TYPE Front of Side or BRIGHT TOPEN 
Subject Back* SHADE 
Light . . f/12-5 f/ll f/9 f/6-3 f/4°5 
Averagei . f/ll f/9 f/8 f/5°6 f/4 
Dark. . f/9 f/8 f/6°3 f/4°5 f/3-2 





NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, I+ stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


* With back-lit close-up subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is fre- 
quently useful—see page 3. 


t Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


+ This classification should be used if in doubt. 
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Supplementary flash in daylight: In bright sunlight the lighting con- 
trast is frequently excessive, particularly with close-up subjects lit from 
the side or back. This contrast can be lowered, and a natural effect 
retained, by the use of a reflector (see Data Sheet CL-7), or by the judicious 
use of a “fill-in” light-source in the form of a supplementary flash using 
blue-coated flashbulbs. In the following table a range is given of lamp- 
to-subject distances for typical combinations of shutter speed and aperture, 
because the amount of “‘fill-in” light is largely a matter of personal prefer- 
ence; the nearer distance gives the most lightening of the shadows. 
Electronic flash may also be used. 





TYPICAL SHUTTER SPEED 
AND APERTURE 





BLUES RS HEUre: 1/25th or | 1/50th or | 1/100th or 





1 /30th | /60th 1/125th 
second second second 
at f/22 at f/16 at f/Il 
Class M 
AG.IB —2-inch polished reflector . . 7-12 feet* | 8-15 feett | 11-19 feett 
No. IBS f2-inch polished reflector . . 6-10 feet* 7-12 feett 9-16 feett 
or PF.IB \4-inch  satin-finish reflector 7-12 feet* | 8-15 feett | I-19 feett 
Class FP 
PF.24/97—4 to 5-inch satin-finish reflector _ 7-12 feet 7-12 feet 





NOTE: At closer distances than those given in the table, a white handkerchief should be draped over 

the bulb and reflector. 

* With X-or F-synchronization. 

+ With M-synchronization. 

Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 

(Class $ in table on following page)—a flashbulb taking a time of 30 milliseconds to reach peak, and 
suitable for use with diaphragm shutters with M-synchronization at shutter speeds of 1/30th second 
or longer, and with X-synchronization or F-synchronization at shutter speeds of I/I5th second or 


longer. 
Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Blue flashbulbs: Although intended for supplementing daylight, blue 
flashbulbs can be used in an emergency as the sole light-source. The 
guide number should be divided by the selected flashbulb-subject distance 
(in feet) to obtain the recommended f/number for average subjects; con- 
versely, the guide number should be divided by the selected f/number to 
obtain the recommended flashbulb-subject distance. For dark-coloured 
subjects the aperture should be opened by 4 stop; for light-coloured 
subjects the aperture should be closed by } stop. Ifthe surroundings pro- 
vide little or no reflected light, as in a large hall or studio, or out of doors, 
the aperture should be opened by 1 stop. Conversely, for those subjects 
on to which a great deal of light is reflected, as in small rooms with walls 
of light tone, the aperture should be closed by 1 stop. These corrections 
may be combined when necessary. These guide numbers serve only 
as a guide to the correct exposure, but should be used only as a basis for 


ws 
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practical trial. Further information concerning the conditions of use 
may be found in Data Sheet RF-8. 





SHUTTER SPEED 





Open Flash| 1/50th | 1/100th | 1/200th 





BLUE FLASHBULB andiup oP or or 

to 1/30th 1/60th 1/125th 1/250th 
second second second second 

Class M 

*AG.|B—2-inch polished reflector 100 90t 80+ 64t 

*No.IBS (2-inch polished reflector 80 72t 64t 50t 

or 4-inch satin-finish 

PF.IB reflector . . . . 100 90+ 80+ 64t 

Atlas Blue—4 to 5-inch satin-finish 

reflector . . . . ..... 140 125+ 110+ 90+ 

PF.60/97—6 to7-inch _ satin-finish 

reflector . . . sega spn ed 220 200+ 180+ 140t 

Class S 

PF.100/97—6 to 7-inch  satin-finish 

reflector . . . ame fae 2 280 _ —_— _ 

Class FP 

PF.24/97—4 to 5-inch _ satin-finish 

reflector . . es tee ae =. 72 50 36 

PF.45/97—6 to 7- inch satin-finish 

reflector . . . be Ge _— 100 72 50 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 
t With M-synchronization. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. A filter may not 


be necessary but some units give better results with one of the following 
‘Wratten’ filters—No. 81, 81A, 81B, or 1A. 


Processing: ‘Ektachrome-X’ film should be processed as soon as possible 
after exposure, so as to avoid any possible latent-image changes which 
may be produced by such conditions as high temperature or high hum- 
idity. 

This film is designed to be processed in chemicals available as Kodak 
‘Ektachrome’ Film-Processing Chemicals, Process E-2; full processing 
instructions and directions for mixing are enclosed. 


Storage of transparencies: Full information may be found in Data 
Sheet CL-4. 


Kodak, and product names quoted thus—‘ Ektachrome-X’—are trade marks. 
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‘KODACHROME’ FILMS, 
DAYLIGHT TYPE AND TYPE A 


General properties and uses: ‘Kodachrome’ Film, Daylight Type, is a 
multi-layer colour film for general outdoor use, yielding full-colour 
transparencies for projection. Monochrome negatives can easily be pro- 
duced from the transparencies (Data Sheet GN-6), which are also suitable 
for the preparation of separation negatives for colour reproduction. 

‘Kodachrome’ Film, Type A, is a multi-layer colour film correctly 
balanced for use by Photoflood illumination, and yielding full-colour 
transparencies for projection, from which monochrome or separation 
negatives can easily be produced. 

Both types of film are available in 35 mm miniature form, and as 16 mm 
and double 8 mm cine film on daylight-loading spools or in daylight-loading 
magazines; No. 828 size rolls are available only in Daylight Type film. 


Sensitization: Both types of ‘Kodachrome’ film are sensitive to all colours 
of the visible spectrum and must therefore be handled in total darkness :- 


‘KODACHROME’ FILM, DAYLIGHT TYPE 


The colour balance is correctly adjusted for the proper rendering of 
subjects illuminated by a mixture of sunlight and skylight, from two hours 
after sunrise to two hours before sunset. 


‘KODACHROME’ FILM, TYPE A 


The colour balance is adjusted for the proper rendering, without filters, 
of subjects illuminated solely by Photoflood lamps having a colour tempera- 
ture of 3300°-3400°K. Satisfactory rendering is also given by flashbulb 
illumination when using clear wire-filled or foil-filled flashbulbs and the 
Kodak ‘Wratten’ Filter No. 81C, and to other illuminants when suitable 
filters are used. 


Storage of unexposed film: Careful storage plays a large part in maintain- 
ing unexposed ‘Kodachrome’ film in good condition. Unexposed film 
should be kept in a cool place, and to ensure best results films should be 
sent for processing as soon as possible after exposure. 

The moisture-proof packings of ‘Kodachrome’ film carry an expiry date, 
and film should be exposed and sent for processing by this date if results 
of the best quality are to be obtained. It is strongly urged that stocks be 
arranged so that films are issued and used in the sequence of the expiry dates. 

Changes may occur in ‘Kodachrome’ film with age, especially if stored 
under adverse conditions, and these may impair the colour balance of the 
final transparency. The problem of storage is fully discussed in Data 
Sheet CL-4, ““The Storage of Colour Films”’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once they 
have been opened. If stored near radio-active material or an X-ray 
machine, films must be protected from their effects by an adequate thick- 
ness of lead or some other protective material. 
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Filters: By using filters it is possible to expose ‘Kodachrome’ film success- 
fully to illumination other than that for which the film is balanced. The 
tables below give suggested filters for a variety of conditions. 


‘KODACHROME’ FILM, DAYLIGHT TYPE 





Use 


Increase 


i : 
rey in Exposure 





In daylight within two hours of sunrise 
or sunset 


In bluish daylight or when an excess of 
ultra-violet radiation is present 


With white-flame carbon-arc lamps 


With xenon-filled electronic flashtubes . 


With Colour-matching or Mom nllene 4 flu- 
orescent tubes 5 


With daylight fluorescent tubes . 


‘Wratten’ No. 82A 


‘Wratten’ No. lA 
(‘Kodak’ Skylight) 


4 stop 
None 


‘Kodak’ CC 40Y 
‘Wratten’ No. 81B* 


4 stop 


No filter 
‘Kodak’ CC 30M plus 


CC 10B+ 





* With some flash outfits a ‘Wratten’ No. 1A or 81 may be more suitable. 
+ The rendering given by this filter combination is acceptable but there is some loss of green saturation. 


‘KODACHROME?’ FILM, TYPE A 








Increase 


Use : 
in Exposure 


Filter 





‘Wratten’ No. 85 
82A 


In daylight 
With 3100’-3200°K lamps 


With clear wire-filled or foil-filled flash- 
bulbs é : 


‘Wratten’ No. 


8IC 


‘Kodak’ CC 30M plus 
CC |0Y 


‘Wratten’ No. 81 


‘Wratten’ No. 


With warm-white fluorescent tubes 


A series of brownish filters which may be 
used for reducing the effective colour | |‘Wratten’ No. 81A 
temperature of illuminants when this | - ‘Wratten’ No. 81B 
cannot be conveniently controlled by ‘Wratten’ No. 81C 
adjusting the mains voltage! : | Wratten’ No. 81EF 


A series of bluish filters which may be used | ‘Wratten’ No. 82 

for increasing the effective colour temp- | | ‘Wratten’ No. 82A 
82B 
82C 


erature of illuminants when this cannot ( ‘Wratten’ No. 


be conveniently controlled by acyeene ‘Wratten’ No. 


the mains voltage} 





* The appropriate exposure index should be used as given opposite. 

+ Exposure recommendations are given on page 6. 

+ The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter or by practical trial. Further information may be found in Data Sheet CL-5. 


Speed and exposure: As with all forms of colour material, ‘Kodachrome’ 
films require more precise estimation of exposure than is necessary with 
monochrome materials. Errors in exposure affect the colour balance 


considerably and it is therefore desirable that exposures be gauged 
correctly, to within half a stop if possible. 
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The figures in the following table are suitable for use with meters and 
calculators scaled in B.S. (logarithmic) or A.S.A. (arithmetical) exposure 
indices :— 





B.S./A.S.A. EXPOSURE INDEX 


FILM TYPE 
Logarithmic (B.S.) Arithmetical (A.S.A.*) 
Daylight Photoflood Daylight Photoflood 
Daylight Type . . 21° 18°+ 10 St 
TypeA . .. . 21° 23° 10¢ 16 





* These figures should be used for Weston Master Ill Meters; for Weston Master II and all earlier 
models, a figure approximating to ths of these indices should be used. 

t+ With Kodak ‘Wratten’ Filter No. 80B. However, the use of Type A film remains the prime 
recommendation with Photoflood lighting. 

$ With Kodak ‘Wratten’ Filter No. 85. 


‘KODACHROME’ FILM, DAYLIGHT TYPE, OR TYPE A WITH 
KODAK ‘WRATTEN’ FILTER NO. 85 

Daylight Exposures: In general, the best colour rendering is obtained 
in bright or hazy sunlight. The bluish cast which is sometimes evident 
in pictures taken in the shade under a clear blue sky can be minimized by 
the use of a Kodak ‘Wratten’ Filter No. 1A (‘Kodak’ Skylight Filter), 
which requires no increase in exposure. When using the Kodak ‘Wratten’ 
Filter No. 85 with Type A film, it is not necessary to use the No. 1A, as 
an ultra-violet absorbing constituent is incorporated in the No. 85. 

The following exposure times are recommended as a guide to the correct 
exposure for the period from two hours after sunrise to two hours before 
sunset during the summer months. In spring and autumn the aperture 
should be opened by half a stop, and in winter (except with snow, when 
the summer figures should be used) by a whole stop :— 


FRONTAL LIGHTING + 


WEATHER EXPOSURE 


CONDITION Light- | averg Dark- 
ge 
coloured Subjects* coloured 


Subjects Subjects 


Clear sun . ; 150th or |/60th sec 
4 f.p.s. 
16 f.p.s. 
Hazy sun : 150th or 1/60th sec 
24 f.p.s. 
16 f.p.s. 
Cloudy-bright ; 1/25th or 1/30th sec 
24 f.p.s. 
16 f.p.s. 
Open shade} . . 125th or 1/30th sec 
24 f.p.s. 
16 f.p.s. 





* This classification should be used if in doubt. ; 

+ With back-lit close-up subjects containing important shadow detail, } to | stop more exposure should 
be given. With side or back lighting, supplementary flash is frequently useful—see page 4. 

+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 
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Supplementary Flash in Daylight: 1n bright sunlight the lighting 
contrast is frequently excessive, particularly with close-up subjects lit 
from the side or back. This contrast can be lowered, and a natural effect 
retained, by the use of a reflector as described in Data Sheet CL-7, or by 
the judicious use of a “fill-in” light-source in the form of a supplementary 
flash. In the following table a range of lamp-to-subject distances is given 
for a typical combination of shutter speed and aperture :— 


BLUE FLASHBULB (Class M) 


TYPICAL SHUTTER SPEED 
AND APERTURE 
PF.1/97 (new type) No. 5B and PF.5/97 


1/50th or 1/60th second at f/6:3 9-15 feet * 10-17 feet * 





* At shorter distances a white handkerchief should be draped over the bulb and reflector. 


Blue Flashbulbs: Although intended for supplementing daylight, blue 
flashbulbs can be used in an emergency as the sole light-source. The 
results should not, however, be expected to match the colour quality of 
transparencies made on ‘Kodachrome’ Film, Type A, exposed with clear 
flashbulbs and using the Kodak ‘Wratten’ Filter No. 81C. To determine 
the recommended f/ number for average subjects, the guide number should 
be divided by the selected flashbulb-subject distance (in feet). For dark- 
coloured subjects the aperture should be opened by half a stop; for light- 
coloured subjects the aperture should be closed by half a stop. 


BLUE FLASHBULB Open flash and up 1/S0th and 1; 100th and 
(Class M) to |/30th second 1/60th second 1/125th second 


No. IB. 


PF. 1/97 (new type) . 
No. 5B and PF. 5/97. 
PF. 60/97. 
PF. 100/97 . 





‘KODACHROME’ FILM, TYPE A 


Tungsten Light Exposures: The illuminant used for exposing this film 
must approximate fairly closely to the colour quality for which the film 
is balanced in manufacture; it is therefore necessary to take account of 
the differences in colour quality of various light-sources. It is even more 
important to avoid mixing different types of light in the illumination of a 
subject, as this will produce local variations in colour balance. For studio 
colour photography it is a fairly basic rule that all lights should be of the 
same colour temperature to within 100°K. Because the range of tones, 
from highlight to shadow, which colour film will record successfully is 
somewhat short, it is preferable to avoid subjects in which there is signi- 
ficant detail in both extreme highlights and deep shadow. The contrast 
of lighting between the highlight and shadow areas is best kept as low as 
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3:1, and, unless special effects are desired, should not exceed 4:1; on 
subjects which are to make transparencies for reproduction, it can with 
advantage be kept down to a ratio of 2:1. Further information on this 
subject may be found in Data Sheet CL-8. 


The following table gives suggested approximate exposures for average 
subjects in an average room or studio with light walls and furnishings. It 
is based on the use of two No. 1 Photoflood lamps in ‘Kodaflector’ re- 
flectors. Two No. 2 Photoflood lamps in ‘Kodalite’ reflectors require 
one stop less. 


Distance of Lamps from 
Subject (ft) 





1/25th or | 30th 


second at 


1/5th or 1/4th 
second at 


24 f.p.s. at . 
l6f.p.s. at. 





This table is for subjects of average tone. Half a stop additional 
exposure should be given for dark-coloured subjects and half a stop less 
for light-coloured subjects. Exposures will vary to some extent according 
to the shape and size of the reflectors used and also the amount of reflected 
light from walls, ceilings, etc. The figures should, therefore, be used 
only as a basis for practical trial. 


The following table may serve as a guide to exposure when the tungsten 
light incident upon the subject can be measured in foot-candles. 


EXPOSURES FOR INCIDENT LIGHT MEASURED IN FOOT-CANDLES 
Lens Aperture. . . . . g f/4 
Cine—Sound 24 f.p-s. 


Silent 16 f.p.s. 


Still—1/25th or 1/30th 
second 


| second 





Flashbulb Guide Numbers: The flashbulb guide numbers given overleaf 
assume the use of a Kodak ‘Wratten’ Filter No. 81C with clear flashbulbs 
and apply for average subjects in a studio or large room when using a 
reflector suitable for the particular flashbulb. The guide number should 
be divided by the selected flashbulb-subject distance (in feet) to obtain 
the recommended f/ number. These guide numbers serve as a guide to 
the correct exposure, but should be used only as a basis for practical trial. 
Further information concerning the conditions of use may be found in 
Data Sheet RF-8. 
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FLASHBULB 


SHUTTER Class 
SPEED Class M S Class FP 


| No. 5 | pe.38 | pF.60 | PF.100 | PF.24 | PF.45 


Open flash and up to 
1/30th second. . . . 110 140 


1/SOth or 1/60th second 
1/l00th or I/125th second . 





Example—Shutter speed of 1/25th second, using a PF.60 flashbulb=110=I0 ft x f/I1, or f/5-6 x 20 fe. 


Class M—a flashbulb taking a time of 18-24 milliseconds to reach peak and suitable for use with syn- 
chronized between-lens shutters with M-synchronization at shutter speeds of 1/25th second or 
shorter. May also be used with X-synchronization or F-synchronization at shutter speeds of 
1/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between- 
lens shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-syn- 
chronization or F-synchronization at shutter speeds of |/15th second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 

Processing: ‘Kodachrome’ film can be processed only by Kodak Limited. 

This is done without extra charge*, and the film is returned as a full-colour 

positive transparency suitable for projection, for viewing, or for the 

making of ‘Kodak’ Colour Prints or Enlargements. 


Correction for long exposure times: The control of quality and speed of 
‘Kodachrome’ films is based on production tests at an average exposure. 
With ‘Kodachrome’ Film, Daylight Type, the standard exposure is taken 
to be 1/50th second; with ‘Kodachrome’ Film, Type A, it is 1/10th second. 
There are certain applications in which it is necessary to give longer 
exposures than these, and recommendations are given below of the Colour- 
Compensating Filters and increased exposures required. The filter factor 
of each filter is incorporated in the increase in exposure recommended. 


DAYLIGHT TYPE TYPE A 


Increase in 
Exposure 


Time of Exposure 
(seconds) 


Increase in | Time of Exposure 


Filter Exposure (seconds) 


Filter 


Normal-1/50th _ _— Normal-1/10th a = 
| CC IOR $ stop | CC O5R } up to ¢ stop 
10 CC ISR | I-l} stops 10 CC I0R | I-I4 stops 
100 CC ISR $-2 stops 





Storage of transparencies: Full information may be found in Data Sheet 
CL-4. 


* In the U.S.A., this film is sold excluding the cost of processing. A charge will be made for 
processing such film. 


Kodak, Kodachrome, Wratten, Kodaflector, and Kodalite are trade marks 
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‘KODACHROME’ II FILMS, 
DAYLIGHT TYPE AND TYPE A 


GENERAL PROPERTIES AND USES 


These are medium-speed, multi-layer, reversal, colour films which 
have excellent sharpness and image quality. 


These films produce positive colour transparencies which can be viewed 
direct, projected, or used as originals for colour prints; they are also 
entirely suitable for use in photomechanical reproduction processes and 
as originals for subsequent duplication. However, if it is known that 
large numbers of cine-film duplicates will be needed, for example, in 
industrial or advertising films, better quality will be, obtained by making 
the original on ‘Ektachrome’ Commercial Film, Type 7255 (see Data 
Sheet FM-1A). 

There are two types of film, and both are available in 35 mm miniature 
form, and as 16 mm and double 8 mm cine film on daylight-loading spools, 
or in daylight-loading magazines (details of film lengths are given in 
Data Sheet SE-4). Additionally, these films are available in No. 828 
(‘Bantam’) size rolls (Daylight Type only) and for Super 8 cine cameras in 
‘Kodapak’ Movie Cartridges (Type A only). 


‘Kodachrome’ II Film, Daylight Type: This film is balanced for exposure 
by daylight, but by the use of different filters can satisfactorily be used 
with other types of illumination. 


‘Kodachrome’ II Film, Type A: This film is balanced for the proper 
rendering, without filters, of subjects illuminated solely by Photoflood 
lamps having a colour temperature of 3300°-3400°K. Satisfactory 
rendering is also given by flashbulb illumination when using blue flash- 
bulbs and the Kodak ‘Wratten’ Filter No. 85, and by other illuminants 
when suitable filters are used. 


SENSITIZATION 


These films are sensitive to all colours of the visible spectrum and 
must therefore be handled in total darkness. 


STORAGE OF UNEXPOSED FILM 


Careful storage plays a large part in maintaining the unexposed film in 
good condition. It should be kept in a cool, dry place, and to ensure 
best results films should be processed as soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should be 
exposed and processed by this date if results of the best quality are to 
be obtained. It is strongly urged that stocks be arranged so that films 
are issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the 
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final transparency. The problem of storage is fully discussed in Data 
Sheet CL-4, “The Storage of Colour Materials’’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
they have been opened. If stored near radioactive material or an X-ray 
machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 


PROCESSING 


‘Kodachrome’ II film can be processed only by Kodak. This is done 
without extra charge*, and the film is returned in full-colour positive 
form immediately ready for projection, for viewing, or, in the case of 
miniature transparencies, for the making of ‘Kodak’ Colour Prints or 
‘Kodachrome’ Duplicate Transparencies. If required, processed 35 mm 
or ‘Bantam’ film will be returned as an uncut strip; one corner of the 
address tag should be cut off to indicate that this service is required. 


STORAGE OF TRANSPARENCIES 
Full information may be found in Data Sheet CL-4. 


‘KODACHROME’ II FILM, DAYLIGHT TYPE, OR 
TYPE A WITH KODAK ‘WRATTEN’ FILTER No. 85 


Although Daylight Type film is the principal recommendation for 
daylight exposures, Type A film may be used very satisfactorily provided 
a ‘Wratten’ Filter No. 85 is used over the camera lens. With this com- 
bination of film and filter, the meter settings and exposures required 
(except for exposures to tungsten illumination) will be the same as those 
for the Daylight Type film. With ‘Instamatic’ Movie Cameras, for which 
Type A film only is available, the built-in No. 85 filter is normally in 
position for use in daylight so that no additional No. 85 filter is necessary ; 
the filter is automatically removed from the optical path for filming in 
Photoflood light when an ‘Instamatic’ Movie Light is attached to the 
camera or by using a special key provided with the camera. 


Speed: As with all forms of colour material, these films require more 
precise estimation of exposure than is necessary with monochrome 
materials. Errors in exposure affect the colour balance considerably and 
it is therefore desirable that exposures be gauged correctly, to within 4 
stop if possible (see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in ASA/B.S. (arithmetical), 
B.S. (logarithmic), or DIN (logarithmic) speeds. 

* In the U.S.A., and certain other overseas territories, this film is sold excluding the cost of processing; 


a charge will be made for processing such film unless it is forwarded in the appropriate ‘Kodak’ Prepaid 
Processing Mailer. 
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ASAIB.S. B.S. DIN 
(ARITHMETICAL)* (LOGARITHMIC) (LOGARITHMIC) 


Day- | Photo- | 3200°K | Day- Photo- | 3200°K | Day- Photo- | 3200°K 
light | floodt | lampst light flood} | lampst | light floodt | lampst 


8t 6§ 25° | 20°%¢ | 19°§ 15 10+ 9§ 










NOTE: _On cameras with through-the-lens exposure metering, the meter setting must not be changed 
when using filters. 


* These figures should be used with the Weston Master III meter; with all earlier models, a figure ap- 
proximating to ¢ of these figures should be used. 


+ For best results, the use of Daylight Type film, with correcting filters, is not recommended for tungsten 
illumination; whenever possible, Type A film should be used (see page 7 for exposure recommendations). 


$ With Kodak ‘Wratten’ Filter No. 80B 


§ With Kodak ‘Wratten’ Filter No. soa yoy ispecies 

Filters: The purpose of the filters listed in the following table is to enable 
Daylight Type film to be exposed successfully by various types of 
illumination, including that for which it is balanced. Further infor- 
mation may be found in Data Sheets CL-3 and CL-14. 





INCREASE 
USE ‘KODAK’ FILTER IN 
EXPOSURE 
Indaylight. 2. 2. 2. 2... Normally no filter 7 
In daylight, within two hours 
of sunrise or sunset . . . ‘Wratten’ No. 82A 4 stop 


In bluish daylight, or when an 

excess of ultra-violet radia- 

tion is present. . . . . ‘Wratten’ No. IA None 
(‘Kodak’ Skylight) 


With xenon-filled electronic 
flashtubes. . . . . . . A filter may not be necessary t _— 





* The appropriate meter setting should be used as given in the table above. 
+t Some units give better results with one of the following ‘Wratten’ filters—No. 81, 81A, 81B, or IA. 


Daylight exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky, or under other conditions 
of excess ultra-violet radiation, can be minimized by the use of a ‘Wratten’ 
Filter No. 1A (‘Kodak’ Skylight), which requires no increase in exposure. 
When using the ‘Wratten’ Filter No. 85 with Type A film, it is not 
necessary to use the No. 1A, as an ultra-violet absorbing constituent is 
incorporated in the No. 85. 


The following table may be used as a guide to the correct exposure 
during spring, summer and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be opened 
by about 1 stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
main part of the day. 
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DAYLIGHT EXPOSURES FOR ‘KODACHROME?’ II FILM, DAYLIGHT 
TYPE, OR TYPE A WITH ‘WRATTEN’ FILTER NO. 85 


Subject Bright or Hazy | Weak Hazy Sun | Cloudy-bright Cloudy-dull 


Sun* ort 
Type (Distinct Shadows) Bore Shadows), Ce: shedows) Open Shade 


STILL—1I/100th or 1/125th second 


Light 9 f/6-3 [4:5 f/3-2 
Averaget f/8 f/5°6 f/4 f/2-8 
Dark f/6°3 f/4°5 f/3-2 f/2-2 












Light ; f/5°6 
Averaget . f/4°5 
Dark .. f/4 


NOTE |: Some of the figures in these tables may not exactly accord with those in the instruction sheets 

packed with the film, which had to be kept as simple as possible. 

NOTE 2: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 

snow scenes, I} stopsless. Use figures in tables for snow scenes in winter in temperate latitudes. 

* With close-up back-lit subjects containing important shadow detail, the exposure increase may amount 
to | stop depending on the effect required. With side or back lighting, supplementary flash is frequent- 
ly usetul—see below. 

+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given witha smaller sky area, and slightly less when there are reflecting clouds. 

+ This classification should be used if in doubt. 

§ When working at 24 frames per second, the aperture indicated in the table should be opened by § stop. 


Supplementary flash in daylight: In bright sunlight, the lighting contrast 
is frequently excessive, particularly with close-up subjects lit from the 
side or back. This contrast can be lowered, and a natural effect retained, 
by the use of a reflector (see Data Sheet CL-7), or by the judicious use 
of a “fill-in” light-source in the form of a supplementary flash using 
blue flashbulbs. In the following table a range is given of lamp-to- 
subject distances, for typical combinations of shutter speed and aperture, 
because the amount of “‘fill-in’” light is largely a matter of personal 
preference; the nearer distance gives the most lightening of the shadows. 
Electronic flash may also be used. 


TYPICAL SHUTTER SPEED 
AND APERTURE 





BLUE FLASHBULB |/25th or 1/50th or 1/100th or 
AND REFLECTOR | /30th |/60th 1/125th 
second at second at second at 
f/\6 fill f/8 
Class M 
AG.IB —2-inch polished . . . . . .} *7-I2 feet | }9-16 feet _ 
No. IBS f2-inch polished . . . . .| *5-9 feet | +{6-II feet | 8-13 feet 
or PF.IB \4-inch satin-finish. . . . .| *7-12 feet $9-16 feet _— 
Class FP 
PF.24/97—4 to 5-inch satin-finish . . . _— 6-11 feet 6-I1 feet 





NOTE: At closer distances than those given in the table, a white handkerchief should be draped over 
the bulb and reflector. 

* With X-synchronization. 

+ With M-synchronization. 
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Blue flashbulbs: Blue flashbulbs can be used as the sole light-source. The 
guide number should be divided by the selected flashbulb-subject distance 
(in feet) to obtain the recommended f/number for average subjects; 
conversely, the guide number should be divided by the selected f/number 
to obtain the recommended flashbulb-subject distance. For dark-coloured 
subjects the aperture should be opened by } stop; for light-coloured 
subjects, the aperture should be closed by 4 stop. If the surroundings 
provide little or no reflected light, as in a large hall or studio, or out of 
doors, the aperture should be opened by up to 2 stops. Conversely, for 
those subjects on to which a great deal of light is reflected, as in small 
rooms with walls of light tone, the aperture should be closed by 1 stop. 
These corrections may be combined when necessary. These guide 
numbers serve as a guide to the correct exposure, but should be used only 
as a basis for practical trial. Further information concerning the con- 
ditions of use may be found in Data Sheet RF-8. 





FLASHBULB GUIDE NUMBERS FOR'KODACHROME’ II FILM, DAYLIGHT TYPE, 
OR TYPE A WITH ‘WRATTEN’ FILTER NO.85 


SHUTTER SPEED 














BLUE FLASHBULB Open Flash| 1/50th 1/100th 1/200th 
AND REFLECTOR and up or or or 
to |/30th |/60th 1/125th 1/250th 
second second second second 
Class M 
*AG.IB—2-inch polished. . . . 72 64t 56t 45+ 
*No. IBS [2-inch polished . . . 50 45+ 40+ 32+ 
or PF.IB \ 4-inch satin-finish . . 72 64t 56t 45+ 
Atlas Double-Lite Blue—4 to 5- 
inch satin-finish Sor ity atatun * ke 90 80+ 72¢ 56t 
PF.60/97—6 to7-inch satin-finish . 140 125+ HOt 90+ 
Class S$ 
PF.100/97—6 to 7-inch satin-finish . 180 _ _— _ 
Class FP 


PF.24/97—4 to 5-inch satin-finish _ 
PF.45/97—6 to 7-inch satin-finish 


* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


+ With M-synchronization. 


Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/50th second or shorter. May also be used 
with X-synchronization at shutter speeds of |/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization at shutter speeds of 1/1 5th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. A filter may not 
be necessary, but some units give better results with one of the following 
‘Wratten’ filters—No. 81, 81A, 81B, or 1A. 


‘KODACHROME’ II FILM, TYPE A 


Speed: As with all forms of colour material, this film requires more precise 
estimation of exposure than is necessary with monochrome materials. 
Errors in exposure affect the colour balance considerably and it is therefore 
desirable that exposure be gauged correctly, to within 4 stop if possible 
(see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in ASA/B.S. (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. 





ASA/B.S. B.S. DIN 
(ARITHMETICAL)* (LOGARITHMIC) (LOGARITHMIC) 


Photo- | 3200°K | Day- Photo- | 3200°K | Day- Photo- | 3200°K | Day- 
flood lamps light flood lamps light flood lamps light 


40 32+ 25+ 27° 2e¢ | 25°¢ | 17 l6t 15t 





NOTE: On cameras with through-the-lens exposure metering, the meter setting must not be changed 

when using filters. 

* These figures should be used with the Weston Master Ill meter; with all earlier models, a figure approx- 
imating to 4 of these figures should be used. 

+ With Kodak ‘Wratten’ Filter No. 82A. 

$ With Kodak ‘Wratten’ Filter No. 85 (‘Instamatic’ Movie Cameras make this adjustment automatic- 
ally so that no change in meter setting and no additional No. 85 filter are necessary.) 


Filters: The purpose of the filters listed in the following table is to enable 
Type A film to be exposed successfully by various types of illumina- 
tion, including that for which it is balanced. Further information may 
be found in Data Sheets CL-3 and CL-14. 





INCREASE 
USE ‘KODAK’ FILTER IN 
EXPOSURE 
With Photoflood lamps, 3300°-3400°K  . No filter - 
In daylight. f°, ae Oe ‘Wratten’ No. 85 * 
With Photopearl (3200°K ) lamp So. ‘Wratten’ No. 82A * 
With clear wire-filled or foil- filled flash-bulbs ‘Wratten’ No. 81C t 
A series of brownish filters which may be ‘Wratten’ No. 81 4 stop 
used for reducing the effective colour tem- ‘Wratten’ No. 81IA 4 stop 
perature of illuminants when this cannot be ‘Wratten’ No. 81B 4 stop 
conveniently controlled by adjusting the ‘Wratten’ No. 81C 4 stop 
mains voltaget . ‘Wratten’ No. 81EF 2 stop 
A series of bluish filters which may be used for ‘Wratten’ No. 82 4 stop 
increasing the effective colour temperature of ‘Wratten’ No. 82A 4 stop 
illuminants when this cannot be conveniently ‘Wratten’ No. 82B 2 stop 
controlled by adjusting the mains voltaget . ‘Wratten’ No. 82C 3 stop 





* The appropriate meter setting should be used as given above. 

t+ Exposure recommendations are given on page 8. 

$ The appropriate choice of a filter for a given illuminant is best made by means of a colour-temperature 
meter or by practical trial. Further information may be found in Data Sheet CL-5. 
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Tungsten-light exposures: It is important to avoid mixing different types 
of light in the illumination of a subject, as this will produce local variations 
in colour balance. For colour photography, it is a fairly basic rule that all 
lights should be of the same colour temperature to within 100°K. 


Because the range of tones, from highlight to shadow, which colour 
film will record successfully is somewhat short, it is preferable to avoid 
subjects in which there is significant detail in both extreme highlights 
and deep shadows. There is some latitude in the permissible contrast 
of lighting between highlight and shadow areas, depending on the colour 
contrast and the relative importance of each of these areas. In general, 
the lighting ratio should not exceed 3:1 for average subjects, but with 
low-contrast subjects, a ratio of 4:1 is permissible. These lighting ratios 
give the best results on subjects which are to make transparencies for 
reproduction. For transparencies intended only for projection or view- 
ing, a somewhat higher lighting ratio is permissible and, when special 
effects are desired, lighting ratios as high as 10:1 may be used. Further 
information may be found in Data Sheet CL-8. 


The guide numbers given in the following table apply for average 
subjects in a room or studio with a light ceiling, and light walls and 
furnishings. They are based on the use of two lamps, each being at the 
same distance from the subject and within 45° of the camera-subject axis. 
The guide number should be divided by the selected lamp-subject 
distance (in feet) to obtain the recommended f/number; conversely, the 
guide number should be divided by the selected f/number to obtain the 
recommended lamp-subject distance. For dark-coloured subjects the 
aperture should be opened by 3 stop; for light-coloured subjects the 
aperture should be closed by } stop. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used only as a basis for 
practical experiments. 





TUNGSTEN-LIGHT GUIDE NUMBERS 





Still— Cine— Cine— 
Lighting 1/25th or 16 or 18 24 
1/30th sec f.p-s. f.p.s. 


Two No. | Photofloods in suitable 
reflectors ee ee ae. Be 18 14 I 
Two No. 2 Photofloods in suitable 
reflectors or two 275-watt reflec- 


tor Photofloods eh eae eS 25 20 16 
Two 375-watt reflector Photo- 
floods® =. 2 @ 6 8 be we _— 45 36 
Two 500-watt reflector Photofloods 36 28 22 
Two 500-watt Photopearl (3200°K) 
lamps in suitable reflectorst . . 20 16 12 





NOTE: Lamp brightness decreases somewhat with age. Owing to this and other factors, the use of an 
exposure meter is advised. 

* Narrow-beam lamps for cine use, with standard and telephoto lenses only. 

+ With a‘Wratten’ Filter No. 82A over the camera lens. 
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Flashbulb guide numbers: Type A film may be used with either blue 
flashbulbs (using a ‘Wratten’ Filter No. 85) or clear flashbulbs (using a 
‘Wratten’ Filter No. 81C). The guide numbers for this film, used with 
blue flashbulbs, may be found in the table on Page 5. The guide numbers 
given in the table below are for Type A film used with a No. 81C Filter. 
The guide number should be divided by the selected flashbulb-subject 
distance (in feet) to obtain the recommended /f/number for average 
subjects; conversely, the guide number should be divided by the selected 
f/number to obtain the recommended flashbulb-subject distance. For 
dark-coloured subjects the aperture should be opened by 3 3 stop; for 
light-coloured subjects the aperture should be closed by $ stop. If the 
surroundings provide little or no reflected light, as in a large hall or studio, 
or out of doors, the aperture should be opened by up to 2 stops. Con- 
versely, for those subjects on to which a great deal of light is reflected, 
as in small rooms with walls of light tone, the aperture should be closed 
by 1 stop. These corrections may be combined when necessary. ‘These 
guide numbers serve as a guide to the correct exposure, but should be used 
only as a basis for practical trial. Further information concerning the 
conditions of use may be found in Data Sheet RF-8. 


FLASHBULB GUIDE NUMBERS FOR ‘KODACHROME’ II FILM, TYPE A, 
WITH ‘WRATTEN’ FILTER NO. 81C 


SHUTTER SPEED 


FLASHBULB* Open Flash 1/50th 1/100th | /200th 
AND REFLECTOR and up or or or 
to 1/30th 1/60th 1/125th 1/250th 
second second second second 
Class M 
tAG.I—2-inch polished . . . 
TNo. |, {2.inch polished 80 72 64 50 
PF.1, or P 
Type | | 4-inch satin-finish . | 
No. 5, PF.5, or whe 5—4 to 5-inch 
satin-finish . . 110 loot 904 72+ 
No. 22 or PF.60—6 to 7- inch: satin- 
finish .. : 200 180t 1604 1254 
Class S 
PF.100—6 to 7-inch satin-finish . . 250 _ — _ 
Class FP 
PF.24—4 to 5-inch satin-finish . . _— 72 50 36 
PF.45—6 to7-inch satin-finish . . —_— 100 72 50 





* Flashbulb classes are described under the table on page 5. 


t jr ahallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
e halved. 


$ With M-synchronization. 


Electronic-flash exposures: The use of electronic flash with ‘Kodachrome’ 
II Film, Type A, is not recommended. 


Kodak, and product names quoted thus—‘Wratten’—are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-2A 
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‘KODACHROME-X’ FILM, DAYLIGHT TYPE 


General properties and uses: This is a multi-layer, reversal, colour film, 
intended for general outdoor photography, which is considerably faster 
than original ‘Kodachrome’ and ‘Kodachrome’ II films. 

It produces colour transparencies which can be viewed direct, projected, 
or used as originals for colour prints. Besides being a film for general 
outdoor use, it is also quite suitable for use in photomechanical repro- 
duction processes and as originals for subsequent reproduction. Colour 
negatives can also be made from the transparencies for the production of 
duplicate transparencies or prints. 

The film is balanced for exposure in daylight, but by the use of different 
filters can satisfactorily be used with other types of illumination. 


Sensitization: This film is sensitive to all colours of the visible spectrum 
and must therefore be handled in total darkness. 


Filters: The purpose of the various filters listed in the following table is 
to enable this film to be exposed successfully by different types of illumi- 
nation, including that for which it is balanced. Further information may 
be found in Data Sheets CL-3 and CL-14. 





INCREASE 
USE ‘KODAK’ FILTER IN 
EXPOSURE 
In daylight . Normally no filter = 
In daylight, within two hours 
of sunrise or sunset . . . ‘Wratten’ No. 82A 4 stop 


In bluish daylight, or when an 

excess or ultra-violet radia- 

tionis present . . . . . ‘Wratten’ No. IA None 
(‘Kodak’ Skylight) 


With xenon-filled electronic 
flashtubes . . . . ... t _ 





* The appropriate exposure or meter setting should be used as given below. . 
+ A filter may not be necessary, but some flash units give better results with one of the following 
‘Wratten’ filters—No. 81, 81A, 81B, or IA. 


Storage of unexposed film: Careful storage plays a large part in main- 
taining the unexposed film in good condition. It should be kept in a 
cool, dry place, and to ensure best results films should be processed as 
soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should be 
exposed and processed by this date if results of the best quality are to be 
obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of expiry dates. 
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Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the final 
transparency. The problem of storage is fully discussed in Data Sheet 
CL-4, ‘‘The Storage of Colour Materials’’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once they 
have been opened. If stored near radio-active material or an X-ray 
machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 


Speed: As with all photographic colour materials, this film requires more 
precise estimation of exposure than is necessary with monochrome 
materials. Errors in exposure affect the colour balance considerably and 
it is therefore desirable that exposures be gauged correctly, to within 4 stop 
if possible (see Data Sheet CL-6). 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in B.S./ASA (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. 





B.S./ASA B.S. DIN 
(ARITHMETICAL)* (LOGARITHMIC) (LOGARITHMIC) 


Daylight Photofloodt Daylight Photofloodt Daylight Photoflood}+ 
64 25 29 25° 19 15 





* These figures should be used with the Weston Master III meter; with all earlier models, a figure approxi- 
mating to 4/Sths of these figures should be used. 


+ For best results, the use of this film, with correcting filters, is not recommended for tungsten illumi- 
nation; whenever possible, an artificial-light type film—such as ‘Kodachrome’ Il, Type A, should be 
used. However, a Kodak ‘Wratten’ Filter No. 80B can be used in emergency. 


Daylight exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. The bluish cast which is sometimes evident in 
pictures taken in the shade under a clear blue sky, or under other condi- 
tions of excess ultra-violet radiation, can be minimized by the use of a 
‘Wratten’ Filter No. 1A (‘Kodak’ Skylight), which requires no increase 
in exposure. 

The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset. 
In winter the aperture should be opened by | stop. A shutter speed of 
1/100th or 1/125th second applies throughout :— 





CLEAR SUN CLOUDY- 

SUBJECT FALLING ON WEAK CLOUDY DULL 
TYPE pair a see | ee ul BRIGHT =) 

Front of Side or SUN tOPEN 

Subject Back* SHADE 

Light. f/12°5 f/ll f/9 f/6-3 f/4-°5 
Averaget . fill f/9 f/8 f/5°6 f/4 
Dark f/9 f/8 f/6°3 f/4:5 f/3-2 
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NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, |} stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


* With close-up back-lit subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is 
frequently useful—see overleaf. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


+ This classification should be used if in doubt. 


Supplementary flash in daylight: In bright sunlight the lighting contrast 
is frequently excessive, particularly with close-up subjects lit from the side 
or back. This contrast can be lowered, and a natural effect retained, by 
the use of a reflector (See Data-Sheet CL-7), or by the judicious use of a 
“fill-in” light-source in the form of a supplementary flash using blue- 
coated flashbulbs. In the following table a range is given of lamp-to- 
subject distances, for typical combinations of shutter speed and aperture, 
because the amount of “‘fill-in” light is largely a matter of personal 
preference; the nearer distance gives the most lightening of the shadows. 
Electronic flash may also be used. 





TYPICAL SHUTTER SPEED 
AND APERTURE 


BLUE FLASHBULB |/25th or 1/50th or 1/100th or 
1/30th |/60th 1/125th 
second at second at second at 
f/22 f/16 f/ll 
Class M 
AG.IB —2-inch polished reflector . *7-|2 feet | 78-15 feet | TII-19 feet 
No. IBS {2-inch polished reflector . . *6-10 feet {7-12 feet | + 9-16 feet 
or PF.IB \ 4-inch satin-finish reflector . *7-12 feet 78-15 feet | TII-19 feet 
Class FP 
PF.24/97 —4 to 5-inch satin-finish 
reflector . . 2... 2... _— 7-12 feet 7-12 feet 





NOTE: At closer distances than those given in the table, a white handkerchief should be draped over 
the bulb and reflector. 


* With X or F-synchronization. 
t+ With M-synchronization. 


Blue flashbulbs: Although intended for supplementing daylight, blue 
flashbulbs can be used in an emergency as the sole light source. The 
guide number should by divided by the selected flashbulb-subject distance 
(in feet) to obtain the recommended f/number for average subjects; 
conversely, the guide number should be divided by the selected f/number 
to obtain the recommended flashbulb-subject distance. For dark- 
coloured subjects the aperture should be opened by 4 stop; for light- 
coloured subjects the aperture should be closed by } stop. Ifthe surroun- 
dings provide little of no reflected light, as in a large hall or studio, or out 
of doors, the aperture should be opened by | stop. Conversely, for those 
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subjects on to which a great deal of light is reflected, as in small rooms 
with walls of light tone, the aperture should be closed by 1 stop. These 
corrections may be combined when necessary. These guide numbers 
serve as a guide to the correct exposure, but should be used only as a basis 
for practical trial. Further information concerning the conditions of use 
may be found in Data Sheet RF-8. 





SHUTTER SPEED 


BLUE FLASHBULB Open Flash} 1/50th | 1/100th | 1/200th 
and up or or or 
to |/30th | /60th 1/125th 1/250th 
second second second second 
«class M 
*AG.IB—2-inch polished reflector 100 90+ 80+ 64t 
*No. IBS (2-inch polished reflector 80 724 64t 50t 
or 4-inch satin-finish 
PF.IB reflector . . 100 90t 80+ 64+ 
Atlas Blue—4 to 5-inch satin-finish 
reflector . . . 140 125+ 110+ 90+ 
PF.60/97—6 to 7-inch satin-finish 
reflector . . . 220 200f 180} 140+ 
Class S 
PF.100/97—6 to 7-inch satin-finish 
reflector . . . é 280 _— = _ 
Class FP 
PF.24/97—4 to 5-inch satin-finish 
reflector . . . _ 72 50 36 


PF.45/97—6 to 7-inch satin-finish 
reflector . . . — 100 72 50 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


t With M-synchronization. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X- 
synchronization or F-synchronization at shutter speeds of |/15th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. A filter may not 
be necessary, but some units give better results with one of the following 
‘Wratten’ filters—No. 81, 81A, 81B, or 1A. 
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Processing: ‘Kodachrome-X’ film should be processed as soon as possible 
after exposure, so as to avoid any possible latent-image changes which may 
be produced by such conditions as high temperature or high humidity. 

This film can be processed only by Kodak. This is done without extra 
charge*, and the film is returned in full-colour positive form immediately 
ready for projection, for viewing, or for the making of ‘Kodachrome’ 
Prints and Enlargements or ‘Kodachrome’ Duplicate Transparencies. If 
required, processed 35mm film will be returned as an uncut strip; one 
corner of the address tag should be cut off to indicate that this service is 
required. 


Storage of Transparencies: Full information may be found in Data Sheet 
CL-4. 


* In the U.S.A., and certain other overseas territories, this film is sold excluding the cost of process- 
ing; a charge will be made for processing such film unless it is forwarded in the appropriate 
‘Kodak’ Prepaid Processing Mailer. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODACHROME 
KODACHROME-X 
WRATTEN 


KODAK LIMITED LONDON 


TPFM-2BxWP 10963 


KODAK ‘EKTACOLOR’ PROFESSIONAL FILMS, 
TYPE S$ AND TYPE L 


GENERAL PROPERTIES AND USES 

These films are designed for the making of colour negatives, which can 
subsequently be printed on to Kodak ‘Ektacolor’ Paper (Data Sheet 
PP-12) or ‘Ektacolor’ Commercial Paper, or used in the Kodak Dye- 
Transfer Process (Data Sheet CL-2). They can also be used to make 
positive transparencies on Kodak ‘Ektacolor’ Print Film (Data Sheet 
FM-3A), or monochrome prints on Kodak ‘Panalure’ Paper (Data Sheet 
PP-13). 

Colour couplers in the films provide automatic colour correction and 
make excellent quality possible in colour reproduction without supple- 
mentary masking. The two types of film are:— 


‘Ektacolor’ Professional Film, Type S 

This film is balanced for exposure without a filter by daylight, elec- 
tronic flash, or blue flashbulbs. This film is designed for use at exposure 
times of 1/10th second or shorter (see italicized paragraph at the head of 


page 3). 


‘Ektacolor’ Professional Film, Type L 

This film is three times faster than the former ‘Ektacolor’ Film, Type 
L, which it has replaced. It is designed for use at exposure times of 
1/10th to 60 seconds (see italicized paragraph at the head of page 6) with 
3200°K lamps or, with the appropriate filters, by daylight, or with 
Photoflood lamps. The new film has excellent contrast uniformity and 
colour-balance stability over the entire exposure-time range for which 
it is designed. 


SENSITIZATION 


‘Ektacolor’ films are sensitive to all colours of the visible spectrum and 
must therefore be handled in total darkness. 


STORAGE OF UNEXPOSED FILM 

Careful storage plays a large part in maintaining the unexposed film in 
good condition. It should be kept in a cool, dry place, and to ensure 
best results films should be processed as soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should be 
exposed and processed by this date if results of the best quality are to be 
obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the 
resultant negative. The problem of storage is fully discussed in Data 
Sheet CL-4, “The Storage of Colour Materials”. 
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Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once they 
have been opened. If stored near radioactive material, or an X-ray 
machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 


COLOUR BALANCE AND SPEED CHARACTERISTICS 


A characteristic of multi-layer colour films is that noticeable changes in 
the results can be caused by manufacturing variations that are negligible 
with monochrome films. Minor variations in speed, colour balance, and 
other characteristics, are therefore unavoidable. Careful manufacturing 
controls are employed in order to keep their speed within plus or minus 
half a stop, and any variations in printing characteristics within the limits 
necessary for satisfactory results to be obtained when printing on to 
‘Ektacolor’ Papers or Print Film. With ‘Ektacolor’ Professional Film, 
Type S, the production tests are made with an electronic-flash exposure 
of 1/1000th of a second. With ‘Ektacolor’ Professional Film, Type L, 
tests are made with an exposure of 5 seconds to 3200°K illumination. 

In use, greater variations may be caused by any one of or combination 
of the following: high temperature or high humidity during storage 
(either before or after exposure), illumination of incorrect colour quality, 
processing variations, and variations in exposure time. The sensitivity 
of each of the three sensitive layers of these films varies with exposure time 
and this variation may be different for the three layers. Thus, an emulsion 
having normal colour balance and speed at the recommended exposure 
times may not have the same characteristics at other exposure times. 

To minimize these variations, recommendations relating to storage, 
lighting, exposure, and processing, should be carefully followed. For 
critical work, an exposure test is recommended; it should be made on film 
of the same emulsion batch number as that to be used for the final exposure. 


PROCESSING 


‘Ektacolor’ films should be processed as soon as possible after exposure, 
so as to avoid any possible changes in the latent image which may be 
produced by such conditions as high temperature or high humidity. They 
are not processed by Kodak Limited. Packed chemicals for preparing 
a complete set of processing solutions are available as ‘Kodak’ Colour- 
Film Processing Chemicals, Process C-22. 


STORAGE OF NEGATIVES 
Full information may be found in Data Sheet CL-4. 


‘EKTACOLOR’ PROFESSIONAL FILM, TYPE S 


SPEED AND EXPOSURE 


‘Ektacolor’ Professional Film, Type S, does not require the very precise 
estimation of exposure associated with reversal colour materials. 
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CAUTION : This film should not be used for exposures longer than 1/10th 
second, because the resultant negatives may contain colour-reproduction 
errors which cannot be corrected satisfactorily in the printing operation. 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in ASA/B.S. (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds when using a shutter speed of 
1/10th second or shorter. 





METER SETTINGS FOR ‘EKTACOLOR’ PROFESSIONAL FILM, TYPE S 







ASA/B.S. 


/ B.S. 
(ARITHMETICAL)* 


DIN 
(LOGARITHMIC) (LOGARITHMIC) 






Day- | Photo- | 3200°K Photo- | 3200°K | Day- Photo- | 3200°K 
light flood lamps flood lamps light flood lamps 


80 | 32t¢ | 20t§ 2ett | 24°4§ | 20 létt | 14t§ 




















* 


These figures should be used with the Weston Master III meter; with all earlier models, a figure approxi- 
mating to 4/5ths of these figures should be used. 

The use of Photoflood or 3200°K lamps is recommended only if sufficient illumination can be obtained 
to permit an exposure of |/!Oth second or shorter at the aperture used. Otherwise, ‘Ektacolor' 
Professional Film, Type L, should be used. 

+ With Kodak ‘Wratten’ Filter No. 80B. 

§ With Kodak ‘Wratten’ Filters No. 80B and No. 82A used in combination. 


+ 


Daylight exposures 


The following table may be used as a guide to the correct exposure for 
the period from two hours after sunrise to two hours before sunset. In 
winter the aperture should be opened by one stop. 





SHUTTER SPEED—1/100th or 1/125th second 


ie Bright or Hazy | Weak Hazy Sun | Cloudy-bright ape 
(Distinct Shadows) (Saft: Shadows) (No Shadows) Open Shade 
Light 2 2. f/t8 f/12-5 f/9 f/6-3 
Averaget . . f/16 fill f/8 f/5-6 
Dark . ... f/l25 f/9 f/63 f/45 





NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, I+ stops less. Use figures in table for snow scenes in winter in temperate latitudes. 

* With close-up back-lit subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is fre- 
quently useful—see below. 

+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 

$ This classification should be used if in doubt. 


Supplementary flash in daylight 

In bright sunlight the lighting contrast is frequently excessive, par- 
ticularly with close-up subjects lit from the side or back. This contrast 
can be lowered, and a natural effect retained, by the use of a reflector (see 
Data Sheet CL-7), or by the judicious use of a “‘fill-in” light-source in 
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the form of a supplementary flash using blue flashbulbs. In the 
following table a range is given of lamp-to-subject distances, for typical 
combinations of shutter speed and aperture, because the amount of “‘fill-in”’ 
light is largely a matter of personal preference; the nearer distance gives 
the most lightening of the shadows. Electronic flash may also be used. 





SUPPLEMENTARY FLASH IN DAYLIGHT 


Typical Shutter Speed and Aperture 


Blue Flashbulb 125th or | 1/50th or | 1/100th or 


| /30th | /60th 1/125th 
second at second at second at 
f/32 f[22 f/16 
Class M 
AG.|B—2-inch polished reflector *5-9 feet 47-12 feet $9-15 feet 
No. IBS ( 2-inch polished reflector . *41-7 feet | +6-10 feet $7-12 feet 
or 
PF.IB = (_4-inch satin-finish reflector . *5-9 feet $7-l2 feet | 9-15 feet 
Class FP 
PF.24/97—4-5-inch satin-finish reflector _ 6-10 feet 6-10 feet 





NOTE: At closer distances than those given in the table, a white handkerchief should be draped over the 
bulb and reflector. 


* With X- or F-synchronization. 
+ With M-synchronization. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 

Class S (in table on opposite page)—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable 
for use with diaphragm shutters with M-synchronization at shutter speeds of |/30th second or longer, 
and with X-synchronization or F-synchronization at shutter speeds of |/15th second or longer. 

ses Fp—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Blue flashbulbs 


These can be used as the sole light-source. The guide number should 
be divided by the selected flashbulb-subject distance (in feet) to obtain 
the recommended f/number for average subjects; conversely, the guide 
number should be divided by the selected f/number to obtain the recom- 
mended flashbulb-subject distance. For dark-coloured subjects the 
aperture should be opened by 34 stop; for light-coloured subjects the 
aperture should be closed by 4 stop. If the surroundings provide little 
or no reflected light, as in a large hall or studio, or out of doors, the 
aperture should be opened by 1 stop. Conversely, for those subjects on 
to which a great deal of light is reflected, as in small rooms with walls of 
light tone, the aperture should be closed by 1 stop. These corrections 
may be combined when necessary. These guide numbers serve as a 
guide to the correct exposure, but should be used only as a basis for 
practical trial. Further information concerning the conditions of use 
may be found in Data Sheet RF-8. 
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SHUTTER SPEED 


and up or or or 
to |/30th 1 /60th 1/125th 1/250th 
second second second second 
Class M 
*AG.|B—2-inch polished reflector 110 100¢ 90+ 72t 
*No. [BS {2-inch polished reflector 90 80t 72t S6t 
or 4-inch satin-finish 
PF.IB (reflector .. .. 110 100+ 90+ 724 
Atlas Blue—4 to 5-inch satin-finish 
reflector . . . 2... ... 160 140+ 125t 100+ 
PF.60/97—6 to 7-inch satin-finish 
reflector . . . : 250 2207 200+ 160+ 
Class S$ 
PF.100/97—6 to 7-inch satin-finish 
reflector . . . . 320 — _ _ 
Class FP 
PF.24/97—4 to 5-inch satin-finish 
reflector . . . . _ 80 56 40 


PF.45/97—6 to 7-inch satin-finish 
reflector . . . 7 _ 110 80 56 


* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers in the table should be 
halved. 
t+ With M-synchronization. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. 


‘EKTACOLOR’ PROFESSIONAL FILM, TYPE L 


SPEED AND EXPOSURE 

The meter settings in the following table are suitable for use with 
exposure meters and calculators scaled in ASA/B.S. (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds. The effective meter setting 
depends on the illumination and type, and the exposure time. 

If the length of the exposure time is not known, the meter can be set 
tentatively for a speed of 50 ASA/B.S. (arithmetical), 28° B.S. (logarith- 
mic), or 18 DIN (logarithmic), which applies to a 5-second exposure time 
with tungsten light (3200°K). The meter setting should then be changed, 
in accordance with the table overleaf, if the exposure time calculated for a 
particular lens aperture departs too much from 5 seconds, and the ex- 
posure time re-calculated. 
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CAUTION : This film should not be used for exposures shorter than 1.10th 
second or longer than 60 seconds, because the resultant negatives may contain 
colour-reproduction errors which cannot be corrected satisfactorily in the 
printing operation. 


METER SETTINGS FOR ‘EKTACOLOR’ PROFESSIONAL FILM, TYPE L 


KODAK EFFECTIVE METER SETTING 
SOURCE | WRATTEN | TNE AAS | son | DINGw) 
FILTER (arith.)* B.S. (log) DIN (log) 
3200°K None |/10th second 80 30° 20 
3200°K None | second 64 29 19 
3200°K None 5 seconds 50 28 18 
3200°K None 60 seconds 25 25 15 
Photoflood No. 81A | second 50 28 18 
Daylight No. 85 1/10th second 50 28° 18 





* These figures should be used with the Weston Master Ill meter; for all earlier models, a figure 
approximating to 4/5ths of these figures should be used. 


Tungsten-light exposures 

It is important to avoid mixing different types of light in the illumination 
of a subject, as this will produce local variations in colour balance. For 
colour photography it is a fairly basic rule that all lights should be of the 
same colour temperature to within 100°K. Because the range of tones, 
from highlight to shadow, which colour film will record successfully is 
somewhat short, it is preferable to avoid subjects in which there is sig- 
nificant detail in both extreme highlights and deep shadows. 


Kodak, Ektacolor, Panalure, and Wratten are trade marks 
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KODAK ‘EKTACOLOR’ PRINT FILM 


General properties and uses: This film is a multi-layer colour material 
designed for the production of positive colour transparencies from colour 
negatives such as those made on ‘Ektacolor’ Professional (Data Sheet 
FM-3), ‘Ektacolor’ Internegative (Data Sheet FM-3B), or ‘Kodacolor-X’ 
(Data Sheet FM-4A) film. It is suitable for printing by either contact 
or projection, and yields transparencies which are suitable for use in 
displays or in colour-reproduction processes. 


Safelighting: ‘Ektacolor’ Print Film can be handled for a limited time (not 
more than 30 seconds) by the direct or indirect light from a safelamp fitted 
with a ‘Wratten’ Series 10H (dark amber) safelight filter. The safelamp 
should also be fitted with a 25-watt bulb, and should be at least 4 feet 
from the film. 

Caution : Other ‘Ektacolor’ films and ‘Kodacolor-X’ film must be handled 
and processed only in total darkness. If no safelighting is used, the 
print film and ‘Ektacolor’ Professional or ‘Kodacolor-X’ film may be 
processed together, so long as the different films can be given the appro- 
priate developing times (see “‘Processing”’ on page 7). 


Storage of unprocessed film: High temperatures or high humidities may 
produce undesirable changes in ‘Ektacolor’ Print Film, and protection 
against heat must be given by storing it at a temperature of 13°C (55°F) 
or lower, preferably in a refrigerator. The package of film should 
preferably be removed from the refrigerator several hours before it is 
required to be opened, otherwise there is a strong likelihood of moisture 
condensing on the film surface. Keeping effects can be arrested almost 
completely for long periods by actually freezing the film, in its sealed 
package, in a freezing unit operating at —18° to —23°C (0° to — 10°F). 

This film is supplied in a sealed laminated-foil envelope which protects 
it against excessive relative humidity until the package is opened, and 
which, provided the opened end is properly folded and the air expelled, 
also acts as a reasonable protection after the package has been opened. 

For critical use and the most consistent results, the time interval between 
exposure and processing should be kept as nearly uniform as possible. Most 
of the changes in the latent image occur during the first 4 hours after 
exposure; therefore, if a large number of transparencies are to be made 
from the same negative, the test film and, subsequently, the production 
films should be stored for 4 hours after exposure. At the end of this 
stabilizing period, the films should either be processed, or stored in a 
cold, dry place (preferably at a temperature of 2°C (35°F) or lower) until 
they can be processed. If stored in a refrigerator, these films may require 
additional protection; both this and other problems of storage are fully 
discussed in Data Sheet CL-4, ‘‘The Storage of Colour Materials”. 

Films should particularly be stored away from steam pipes, radiators, 
hot-air ducts, and other sources of heat, and must be protected from 
moisture once they have been opened. If stored near radioactive material, 
or an X-ray machine, films must be protected from their effects by an 
adequate thickness of lead or some other protective material. 
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Equipment: Exposures may be made by either contact or projection 
using a tungsten lamp as the light-source; the use of fluorescent tubes is 
not recommended. The exposing equipment must always be provided 
with a suitable ultra-violet-absorbing filter—the ‘Kodak’ CP2B or the 
‘Wratten’ Filter No. 2B is recommended—unless the tri-colour exposure 
method (see the section Exposure on page 4) is used, when no ultra- 
violet-absorbing filter is required. With all enlargers and printers, a 
heat-absorbing glass between the lamp and filters is also desirable. 


Some form of voltage-stabilizing control is desirable; a variable resist- 
ance and a voltmeter in circuit with the lamp may be sufficient, but a 
constant-voltage transformer is necessary for large-scale production. A 
reliable timer is also required if results are to be reproducible. 


The exposing equipment must be fitted with some means of holding 
several filters in the exposing light beam for the adjustment of colour 
balance. With an enlarger or printer having a means of holding filters 
between the light-source and the colour negative, it is recommended that 
‘Kodak’ Colour-Printing Filters (CP filters) be used as giving results of 
the highest colour quality: they do not need to be of special optical 
quality, because in this position they can have no effect on the definition 
of the transparency. ‘Kodak’ Colour-Compensating Filters (CC filters), 
on the other hand should be used if the filters must be placed between 
the colour negative and the print film, i.e., immediately above, within, or 
below the lens, but they may also be used between the light-source and 
the negative, and this position is preferred if there is a choice. 


CP filters: The CP filters are available in yellow, magenta, and cyan in 
nominal density values of 0-025, 0°05, 0°10, 0-20, 0-30, 0°40, and 0-50. 
To ensure greater accuracy in colour printing, each of the nominal values 
CP 40 and CP 50 are sub-divided into three groups of actual values—the 
groups are 37}, 40, and 42} for the CP 40 filters, and 473, 50, and 523 for 
the CP 50 filters. Both nominal and actual values are marked on the filter 
packets, and a CP 025 filter can be used for making up to the desired 
value. For example, a filter of actual-value CP 37} can be made up to 
the actual value of a CP 40 filter by the addition of a CP 025 filter of the 
same colour. The resulting combination will have exactly the same 
effect on colour balance as one actual-value CP 40 filter, but the combin- 
ation will have a slightly greater filter factor as two filters are involved. 


Whenever the filter or combination of filters is changed, allowance 
must be made in the printing exposure for changes either in the filtering 
action or in the total number of filters, or both. The following table 
provides a simple method of determining approximate exposure adjust- 
ments. The filter factors given include allowance for the loss of light 
caused by reflections from the filter surfaces and for the inherent density 
of the material used as a carrier for the filter dyes. To use the filter 
factors, the old exposure time should be divided by the filter factor of 
any filter removed from the combination, and the result then multiplied 
by the filter factor for the new filter to be used. When two or more filters 
are to be removed or added, the individual filter factors should be multi- 
plied together before dividing or multiplying, respectively, the old exposure 
time, as above. 
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FACTORS FOR CP FILTERS 


Filter Filter Factor Filter Filter Factor Filter Filter Factor 
CP O25Y 1-2 CP 025M 1-2 CP 025C 1-2 
CP O5Y 1-2 CP 05M 1-2 CP 05C 1-2 
CP 10Y 1-2 CP 10M 1-3 CP 10C 1-3 
CP 20Y 1-2 CP 20M 1-4 CP 20C 1-4 
CP 30Y 1-2 CP 30M 1-6 CP 30C 15 
CP 37L£Y 1-2 CP 374M 18 CP 374C 1-6 
CP 40Y 1-2 CP 40M 1-8 CP 40C 1-6 
CP 424Y 1-2 CP 424M 1-8 CP 42£C 1-6 
CP 474Y 1-2 CP 47iM 2:0 CP 47iC 1-7 
CP 50Y 1-2 CP 50M 2:0 cP 50C 1-7 
CP 52LY 1-2 CP 524M 2:0 CP 525C 1-7 





These filters, otherwise similar to CC filters, have improved trans- 
mission characteristics so that better neutrality is achieved when similar 
nominal values of yellow, magenta, and cyan filters are combined. CP 
filters are not supplied in red, green, or blue; these colours can be obtained 
by using appropriate combinations of yellow, magenta, and cyan filters. 
As these filters are used above the negative, the number of filters used is 
not important, but it is advisable to eliminate any avoidable neutral 
density from the filter combination. 


In some cases, incomplete absorption of infra-red radiation by the 
optical system of the enlarger or printer may cause difficulties when 
printing through filter packs containing high values of cyan filtration. 
A new range of CP Cyan filters which counteracts these difficulties is 
being introduced; they will be differentiated from the filters described 
above by the suffix “‘-2”’, e.g., CP50C-2. 


CC filters: The filter factors given in the table below should be used in 
the same manner as described in the last paragraph on page 2. 





FACTORS FOR CC FILTERS 





Filter Filter Factor Filter Filter Factor Filter Filter Factor 
CC 05Y Il CC 05M I: Il 
CC 10Y I-l cc 10M I 1-2 
CC 20Y I-l CC 20M I- 1-3 
CC 30Y tel CC 30M I- 1-4 
cc 40Y | CC 40M I- 1-5 
cc 50Y 1-1 Cc 50M 2: 1-6 
CC O5R 1-2 1-1 Il 
CC 10R 1-3 1-2 1-3 
CC 20R i) 1-3 CC 20B 1-6 
CC 30R 1-7 1-4 CC 30B 2:0 
CC 40R [3 1-5 CC 40B 2-4 
cc 50R 22 1-7 Cc 50B 2-9 





Data Sheet CL-13 contains a nomogram which provides a simple means 
of estimating the adjustment of exposure time necessitated by a change 
in the filter combination. 


Exposure: The film can be printed either with a single exposure using 
CP or CC filters for the adjustment of colour balance, or by giving three 
successive exposures through narrow-cut colour-separation filters as 
described later in this section. The negatives, filters, and the optical 
system of the exposing equipment must be kept clean and dust-free, 
and the negatives must be masked to eliminate stray light. The ex- 
posure should be made with the emulsion side of the print film facing 
the emulsion of the ‘Ektacolor’ or ‘Kodacolor-X’ negative; and it is 
advisable to place a sheet of black paper, such as that used in the film 
package, behind the print film to obviate halation. 


It is recommended that a test transparency be made from each negative 
to determine the exposure. Either the usual type of test strip should be 
made, or contact-size test transparencies of several negatives may be made 
simultaneously on one piece of print film. When using an enlarger for the 
latter method, it must be set to the magnification required for the final 
enlargement. A sheet of ‘Ektacolor’ Print Film should then be placed 
on the enlarger baseboard, the negatives placed in contact with it, and the 
whole covered by a sheet of glass, to ensure reasonable contact. A 
supplementary instruction sheet is packed with the print film; this 
suggests a suitable filter combination for these trial exposures. As a 
guide, this film has approximately the same speed as ‘Ektacolor’ Paper. 


After exposure and processing, the test transparency should be allowed 
to dry thoroughly before any attempt is made to evaluate it. This is 
because a transparency of satisfactory density and colour balance appears 
somewhat opaque and too “warm”’ while it is still wet. The opalescence 
which causes these effects can be eliminated temporarily, if desired, by 
bathing the transparency in ‘Kodak’ AM-33 Rapid Liquid Fixer (undiluted 
and without AM-33H Hardening Additive) for 1 minute after fixing (step 
7 of Process C-22). After viewing, the normal processing procedure can 
be resumed with the 8-minute wash (step 8). 


Test transparencies should always be viewed under lighting conditions 
approximating to those which will be used for the final transparencies. 
If the colour balance of the transparency is not as required, the correction 
necessary may be judged by viewing the test transparency through 
various CP or CC filters until the required colour balance is attained. 
Such viewing filters will, of course, be complementary in colour to the 
colour which was present in excess in the transparency. However, the 
filters to be put in the exposing-light beam should be of the same colour 
as that which was present in excess in the transparency (i.e., complemen- 
tary to the viewing filters). The printing filters should also be of half the 
density value of the viewing filters since the effect of a given filter on the 
colour balance of the transparency is much greater than its effect on the 
eye. Also, the viewing filters will tinge the highlights excessively and the 
shadows insufficiently, and their effect should be judged primarily on the 
middle tones. 
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IF COLOUR VIEW THROUGH EXPOSE THROUGH 


BALANCE IS— THESE FILTERS— THESE FILTERS— 
Yellow Magenta plus cyan (or Yellow 
the blue series of CC 
filters) 
Magenta Yellow plus cyan (or Magenta 
the green series of CC 
filters) 
Cyan Yellow plus magenta Cyan 
(or the red series of 
CC filters) 
Blue Yellow Magenta plus cyan (or the 


blue series of CC filters) 


Green Magenta Yellow plus cyan (or the 
green series of CC filters) 


Red Cyan Yellow plus magenta (or the 
red series of CC filters) 


The filter combination placed in the exposing light beam should 
always be the simplest combination possible, i.e., the one which uses the 
fewest filters to produce the desired colour correction. This is especially 
important when printing by projection because it avoids impairing the 
image definition by the consequent scattering of light. Furthermore, it 
is desirable to eliminate any avoidable neutral density which unnecessarily 
increases exposures. In simplifying the filter combinations it is helpful 
to think of all filters in terms of the subtractive primary colours (yellow, 
magenta, and cyan), and to bear in mind the following relationships: 


Red (absorbs blue and green) = yellow (absorbs blue) plus magenta 
(absorbs green) 


Green (absorbs blue and red) = yellow (absorbs blue) plus cyan 
(absorbs red) 


Blue (absorbs green and red) = magenta (absorbs green) plus cyan 
(absorbs red) 


The following procedure is recommended: 


| The values of the filters should be converted to their equivalents in the 
subtractive colours if they are not already of these colours (e.g., 20R= 
20M + 20Y). 


2 The filter values should be added together (e.g., 20M+ 10M=30M). 


3 If the resulting filter combination contains all three subtractive colours, 
the neutral density should be eliminated by removing from the combina- 
tion filters of the greatest density common to the three colours (e.g., 
10C+20M+20Y=10M+10Y-+neutral density of 0°1, which can be 
eliminated by removing the 10C and reducing the 20M and 20Y to 10M 
and 10Y). 
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When the correct filter combination has been determined, the final 
transparency can be exposed. However, if a large degree of colour 
correction is needed, a new series of trial exposures should be made before 
a full sheet of print film is exposed. On the other hand, when only a 
small degree of correction is needed, the colour balance of the final trans- 
parency can be predicted fairly accurately, and further test exposures 
may not be necessary. Nonetheless, any change in printing filters may 
necessitate a change in exposure. Either the ‘Kodak’ Colour Print 
Exposure Calculator or the information given in Data Sheet CL-13 will 
be found of value in assessing these changes. 

A typical ‘Ektacolor’ or ‘Kodacolor-X’ negative requires 10 to 20 
seconds’ exposure when the illumination is 2 foot-candles, measured at 
the printing surface and without the negative or any CC or CP filters in 
the light beam. 

‘Ektacolor’ Print Film is designed for exposure at this level of illumina- 
tion. However, variations between batches of emulsion may necessitate 
exposure and filter adjustments at this illumination level (see the section 
below, “Colour balance and speed characteristics”). At other illumination 
levels, different exposure and filter adjustments may be necessary. To 
avoid anomalous results, owing to reciprocity failure, exposures should be 
limited to 3 minutes. 

For the tri-colour exposure method, the recommended ‘Wratten’ filters 
are the No. 70 (very deep red), No. 99 (deep green), and No. 98 (deep 
blue). Since each of these filters absorbs ultra-violet radiation, it is not 
necessary to use a CP2B or No. 2B filter as in the previous method. 


This method requires a means of timing three different exposures 
without disturbing the position of the enlarger or the film. Either an 
accurate timer that can be read in the dark, or one that can be set in the 
dark for the proper intervals, will serve. 


Exposures through the recommended colour-separation filters must 
be changed by a relative increase in the colour by which the test trans- 
parency is off balance. For example, if the test transparency is too blue, 
correction can be made by increasing the blue-filter exposure relative to 
the red-filter and green-filter exposures. 


Colour balance and speed characteristics: It is a characteristic of multi- 
layer colour films that noticeable changes in results can be caused by 
manufacturing variations which are negligible with monochrome films. 
Minor variations in speed, colour balance, and other characteristics, are 
therefore unavoidable. Furthermore, the sensitivity of each of the 
emulsion layers in ‘Ektacolor’ Print Film varies over a wide range of 
exposure times, and this variation may be different for each of the three 
layers. Thus, an emulsion having normal colour balance and speed at 
normal exposure times may not have quite the same characteristics at 
longer times or at very short times. A supplementary instruction sheet, 
packed with the film, gives filter and exposure recommendations for trial 
exposures at 10 seconds (normal) and 120 seconds. These recom- 
mendations should be used as a starting point for calculating trial exposures 
at these or intermediate times. 
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In use, variations from the recommended exposure conditions may be 
necessitated by any one of or combination of the following: age of the 
film, high temperature or high relative humidity during storage (either 
before or after exposing), illumination of incorrect colour quality, proces- 
sing variations, variations in exposure time, and the use of ‘Ektacolor’ or 
‘Kodacolor-X’ negatives which are abnormal owing to improper exposure, 
processing, or storage conditions. 


Processing: Subject to the remarks made in the third paragraph of the 
section “Storage of unprocessed film’, on page 1, ‘Ektacolor’ Print Film 
should be processed as soon as possible after exposure, so as to avoid 
any possible changes in the latent image which may be produced by such 
conditions as high temperature or high relative humidity. It is not 
processed by Kodak Limited. Packed chemicals for preparing a complete 
set of processing solutions are available as ‘Kodak’ Colour Film Processing 
Chemicals, Process C-22; full processing instructions and directions for 
mixing are enclosed. 


NOTE: The developing time for ‘Ektacolor’ Print Film is 12 minutes at 
24°C (75°F). It should not be developed for the same time as ‘Ektacolor’ 
Professional Film, Type S or Type L, which should be developed for 
14 minutes. 


‘Ektacolor’ Print Film Additive (for ‘Kodak’ Developer Replenisher, Pro- 
cess C-22): When ‘Ektacolor’ Print Film is processed and the solutions 
replenished, C-22 developer needs different replenishment from that 
normally recommended; ‘Ektacolor’ Print Film Additive must be used 
to compensate for the difference. This is particularly important when 
the print film is processed in the same solutions as ‘Ektacolor’ Professional 
and ‘Kodacolor-X’ Films, in order to obtain consistent and optimum 
quality from all the films processed. The Additive may be added to 
the developer at each replenishment immediately following the processing 
of ‘Ektacolor’ Print Film. Alternatively, where separate supplies of 
developer replenisher are kept for the print film and the negative films, 
respectively, the Additive may be added to the replenisher reserved for 
use with the Print Film. 


‘Ektacolor’ Print Film Stabilizer: ‘Ektacolor’ Print Film contains dyes 
which are as stable as possible, consistent with other requirements: how- 
ever, like other dyes, they may change in time, especially when the 
transparencies are subjected to prolonged display or adverse storage 
conditions. By using ‘Ektacolor’ Print Film Stabilizer, a significant 
improvement in dye-stability can be achieved. 


Joining transparencies: When large-size display transparencies are to be 
made, two or more sheets of processed film can be joined together. 
Further information is available on application to the Industrial/Profes- 
sional Sales Division, Kodak Limited, Kingsway, London, W.C.2, 
England. 


Storage of transparencies: Full information may be found in Data Sheet 
CL-4. 
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Kodak Data Sheet 
FM-3A 


The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODACOLOR-X 
EKTACOLOR 
WRATTEN 


KODAK LIMITED LONDON 
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‘KODACOLOR’ COLOUR-NEGATIVE FILM 


General properties: This film is designed to produce negatives in 
complementary colours from which positive prints in full colour can be 
obtained. Kodak Limited can produce ‘Kodacolor’ Prints—small 
enlargements—or the user can produce enlargements up to 16 x 20 inches, 
or even larger, on Kodak ‘Ektexcolor’ Paper (see Data Sheet PP-12). The 
film is balanced for exposure, without a filter, either in daylight or with 
clear flashbulbs, but the use of a Kodak ‘Wratten’ Filter No. 85C is 
recommended for use in daylight when the resultant negatives are to be 
printed by the user; this procedure allows, approximately, the same 
basic filter combination to be used during printing, using negatives made 
with both types of light-source. 


Colour-negatives made on this material have a strong overall orange 
cast due to the integral colour-correction masking. 


Sensitization: ‘Kodacolor’ film is sensitive to all colours of the visible 
spectrum and must therefore be handled in total darkness. The camera 
should not be loaded with this film in direct daylight or bright artificial 
light. 


Storage of unexposed film: Careful storage plays a large part in main- 
taining unexposed ‘Kodacolor’ film in good condition. Unexposed film 
should be kept in a cool place, and to ensure best results films should be 
processed as soon as possible after exposure. 


The cartons of ‘Kodacolor’ film carry an expiry date, and films should 
be exposed and processed by this date if results of the best quality are to 
be obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of the expiry dates. 


Changes may occur in ‘Kodacolor’ film with age, especially if stored 
under adverse conditions, and these may impair the colour balance of 
the resultant negative. The problem of storage is fully discussed in 
Data Sheet CL-4 “The Storage of Colour Films”’. 


Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and also protected from moisture once their 
moisture-tight packings have been opened. If stored near radio-active 
material, or an X-ray machine, films must be protected from their effects 
by an adequate thickness of lead or some other protective material. 


Speed: ‘Kodacolor’ film does not require the very precise estimation of 
exposure associated with reversal colour materials. 


The figures below are suitable for use with exposure meters and 
calculators scaled in B.S. or A.S.A. indices (see Data Sheets RF-1 and 
SE-1) when using a shutter speed of 4-second or faster :— 


Issue A Kodak Data Sheet 
FM-4 


Exposure Indices Daylight Photoflood* 


Logarithmic (B.S.) 26° 24° 
Arithmeticalt (B.S.or A.S.A.). 2). i 32 20 





* With Kodak ‘Wratten’ Filter No. 82A. 
+ These figures should be used for Weston Master Ill meters; for Weston Master Il and all earlier 
models, a figure approximating to 4/5 of these indices should be used. 


Daylight exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. 


The following table may be used as a guide to the correct exposure for 
average front-lit subjects during the period from two hours after sunrise 
to two hours before sunset during the summer months. In spring and 
autumn the aperture should be opened by half a stop and in winter by 
a whole stop. In the tropics the table applies for the whole year. 


The shutter speed is 1/50 or 1/60 second throughout. 


Clear Sun falling on 


Cloudy- 


Subject Hazy Sun Bright 


Front of Side or 
Subject Back* 


Light... f/12°5 F/M f/9 £/6-3 
Averaget f/N f/9 f/8 f/5°6 
Dark. . fi9 f/8 f/6°3 f/4°5 





* With back-lit close-up subjects containing important shadow detail, 4-1 stop more exposure should 
be given. 

Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 

This classification should be used if in doubt. 


+ 


+ 


In bright sunlight, the lighting contrast is frequently excessive, 
particularly with close-up subjects lit from the side or back. This 
contrast can be reduced, and a natural effect obtained, by the use of a 
reflector (see Data Sheet CL-7), or by the judicious use of a “fill-in” 
light-source in the form of a supplementary flash using blue-coated flash- 
bulbs. In the following table a range is given of lamp-to-subject distances 
for a typical combination of shutter speed and aperture. 


BLUE FLASHBULB (Class M) 


TYPICAL SHUTTER SPEED 
No. 1B No. 5B 
ANDSAPERTURE PF.1/97 PF.S/97 


PF.25/97 


1/25th or 1/30th sec at f/16 . ¢ 6-10 feet 8-14 feet 
(X or F-synchronisation) 


1/50th or 1/60th sec at f/ll . * 7-12 feet 10-17 feet 
(M-synchronisation) 
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Flashbulb exposures: When clear flashbulbs are used as a sole source of 
illumination, this film should be used without a filter. Blue flashbulbs are 
not recommended as a sole light source, as confusion would arise in the 
selection of filters for printing. The flashbulb guide numbers given below 
apply for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be divided 
by the selected flashbulb-subject distance (in feet) to obtain the recom- 
mended f/number. These guide numbers serve as a guide to the correct 
exposure but should be used only as a basis for practical trial. Further 
information concerning the conditions of use may be found in Data 
Sheet RF-8. 


FLASHBULB (Class M) 


SHUTTER SPEED 


Open flash to |/30th sec (X or F-synchronisation) . 


1/100th or 1/125th sec (M-synchronisation) . 





Electronic-flash exposures: The Kodak ‘Wratten’ Filter No. 85 is 
recommended with this film. Guide numbers should be obtained from 
the manufacturer of the equipment or determined by trial. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Koda- 
flector’ reflectors, in an average room or studio with light walls, the 
exposure will be approximately as given in the table below, which includes 
the use of a Kodak ‘Wratten’ Filter No. 82A. No. 2 Photoflood lamps in 
‘Kodalite’ reflectors require one stop less. 


Distance of Lamps from the Subject (ft) 


Exposure—I/25th or |/30th sec at 





Processing: ‘Kodacolor’ film should be processed as soon as possible 
after exposure, so as to avoid any possible changes in the latent image 
which may be produced by such conditions as high temperature or 
humidity. Packed chemicals for preparing a complete set of processing 
solutions are available as ‘Kodak’ Colour Film Processing Chemicals, 
Process C-22. 


Alternatively, a processing and print service is available direct from 
Kodak Limited for those customers who have an account; otherwise, 
orders can be accepted only through a Kodak dealer. 
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The following product names appearing 


in this publication are trade marks 


KODAK 
WRATTEN 
KODACOLOR 
KODAFLECTOR 
KODALITE 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-4 
TPI8SWP33959 


‘KODACOLOR-X’ COLOUR-NEGATIVE FILM 





General properties and uses: ‘Kodacolor-X’ Colour-Negative Film 
produces negatives in complementary colours from which positive prints 
and transparencies in full colour can be obtained. Kodak can produce 
‘Kodacolor’ Prints, Enlargements, and Transparencies; alternatively, the 
user can produce enlargements up to 16 x 20 inches, or even larger, on 
Kodak ‘Ektacolor’ Commercial or ‘Ektacolor’ Paper (see Data Sheet PP-12), 
or transparencies on Kodak ‘Ektacolor’ Print Film (see Data Sheet 
FM-3A). The film is balanced for exposure, without a filter, either in 
daylight, with blue flashbulbs, or with electronic flash. 

Colour-negatives made on this material have a strong overall orange 
cast owing to the integral colour-correction masking. 


Sensitization: This film is sensitive to all colours of the visible spectrum 
and must therefore be handled in total darkness. The camera should 
not be loaded or unloaded with this film in direct daylight or bright 
artificial light. 


Storage of unexposed film: Careful storage plays a large part in main- 
taining the unexposed film in good condition. It should be kept in a 
cool, dry place, and to ensure best results films should be processed as 
soon as possible after exposure. 

The moisture-proof packings carry an expiry date, and films should be 
exposed and processed by this date if results of the best quality are to be 
obtained. It is strongly urged that stocks be arranged so that films are 
issued and used in the sequence of expiry dates. 

Changes may occur in the film with age, especially if stored under 
adverse conditions, and these may impair the colour balance of the 
resultant negative. The problem of storage is fully discussed in Data 
Sheet CL-4, ““The Storage of Colour Materials”’. 

Films are best stored away from steam pipes, radiators, hot-air ducts, 
and other sources of heat, and must be protected from moisture once 
they have been opened. If stored near radio-active material, or an 
X-ray machine, films must be protected from their effects by an adequate 
thickness of lead or some other protective material. 


Speed: ‘Kodacolor-X’ film does not require the very precise estimation 
of exposure associated with reversal colour materials. 

The meter-settings in the following table are suitable for use with 
exposure meters and calculators scaled in ASA/B.S. (arithmetical), B.S. 
(logarithmic), or DIN (logarithmic) speeds when using a shutter speed of 
4 second or shorter: 
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ASA/B.S. B.S. DIN 
(ARITHMETICAL) * (LOGARITHMIC) (LOGARITHMIC) 


Day- | Photo- | 3200°K | Day- Photo- | 3200°K | Day- Photo- | 3200°K 
light | floodt | lampst | light floodt | lamps¢ | light floodt | lampst 


64 20 16 29° 24° 23° 19 14 13 





NOTE: These figures are for a }-second or shorter exposure. 


*These figures should be used with the Weston Master Ill meter; with all earlier models, a figure 
approximating to $ of these figures should be used. 


tWith Kodak ‘Wratten’ Filter No. 80B. 
tWith Kodak ‘Wratten’ Filter No. 80A. 


Daylight exposures: In general, the best colour rendering is obtained in 
clear or hazy sunlight. 


The following table may be used as a guide to the correct exposure 
in spring, summer, and autumn in temperate latitudes, and in the tropics 
all the year round. In winter, the lens aperture should be opened by 
about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
main part of the day. 





SHUTTER SPEED—1/!00th or 1/125th second 


Subject SHEN ey Weak Hazy Sun | Cloudy-bright a a 
Tipe (Distinct Shadows) (opt Shadows), | (a shadows) Open Shade 
Light. . . f/12-5 f/9 f/6°3 f/4°5 
Averaget fill f/8 f/5-6 f/4 


Dark. . f/9 f/63 f/4-5 f/3-2 





NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, |3 stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


* With close-up back-lit subjects containing important shadow detail, the exposure increase may amount 
to | stop, depending on the effect required. With side or back lighting, supplementary flash is 
frequently useful—see below. 


t Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


$ This classification should be used if in doubt. 


Supplementary flash in daylight: In bright sunlight, the lighting contrast 
is frequently excessive, particularly with close-up subjects lit from the 
side or back. This contrast can be lowered, and a natural effect retained, 
by the use of a reflector (see Data Sheet CL-7), or by the judicious use 
of a “‘fill-in” light-source in the form of a supplementary flash using 
blue flashbulbs. In the following table a range is given of lamp-to- 
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subject distances, for a typical combination of shutter speed and aperture, 
because the amount of “fill-in” light is largely a matter of personal pre- 
ference; the nearer distance gives the most lightening of the shadows. 
Electronic flash may also be used. 





SUPPLEMENTARY FLASH IN DAYLIGHT 


Typical Shutter Speed and Aperture 


Blue Flashbulb 1/25th or 1/50th or 1/100th or 
1/30th second | 1/60th second | |/125th second 


at f/22 at f/16 at f/tl 


Class M* 
AG.IB—2-inch polished reflector . $8-13 feet 410-17 feet _ 


2-inch polished 


No. IBS) reflector . . . . | 54-10 feet $7-12 feet $9-16 feet 
or PF.IB )} 4-inch satin-finish 

reflector . . be t7-12 feet 48-14 feet t11-20 feet 
Class FP* 
PF.24/97—4 to 5-inch satin-finish 
reflector . . . Z _— 7-12 feet 7-12 feet 





NOTE: At closer distances than those given in the table, a white handkerchief should be draped over 
the bulb and reflector. 


* Flashbulb classes are given under the table on page 4. 
t+ With X synchronization. 


$+ With M-synchronization. 


Blue flashbulbs: These can also be used as the sole light-source. The 
guide number should be divided by the selected flashbulb-subject distance 
(in feet) to obtain the recommended f/number for average subjects; 
conversely, the guide number should be divided by the selected f/number 
to obtain the recommended flashbulb-subject distance. For dark- 
coloured subjects the aperture should be opened by } stop; for light- 
coloured subjects the aperture should be closed by 3} stop. If the 
surroundings provide little or no reflected light, as in a large hall or 
studio, or out of doors, the aperture should be opened by up to 2 stops. 
Conversely, for those subjects on to which a great deal of light is 
reflected, as in small rooms with walls of light tone, the aperture should 
be closed by 1 stop. These corrections may be combined when 
necessary. These guide numbers serve as a guide to the correct exposure 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 
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SHUTTER SPEED 


BLUE FLASHBULB Open Flash} 1/50th 1/100th 1/200th 
and up or or or 
to |/30th 1/60th 1/125th 1/250th 
second second second second 
Class M 
*AG.1B—2-inch polished reflector 110 100+ 90+ 724 
*No.IBS (2-inch polished reflector 80 724 64t 50t 
or 4-inch satin-finish 
PF.IB reflector . . . 100 90t 80+ 64t 
Atlas Double-Lite Blue—4 to 5-inch 
satin-finish reflector . . 140 125t HOF 90+ 
PF.60/97—6 to 7-inch satin-finish 
reflector . .. ta 220 200+ 180+ 140+ 
Class S$ 
PF.100/97—6 to 7-inch satin-finish 
reflector . . 280 _— _— 
Class FP 
PF.24/97—4 to 5-inch satin-finish 
reflector . . ‘i — 72 36 
PF.45/97—6 to 7-inch satin-finish 
reflector. 2... . . _— 100 50 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


t+ With M-synchronization. 

Class M — flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization at shutter speeds of |/30th second or longer. 


Class § —a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/30th second or longer, and with X-synchro- 
nization at shutter speeds of I/15th second or longer. 


Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: No filter is required. Guide numbers should 
be obtained from the manufacturer of the equipment or determined by 
trial. 


Tungsten-light exposures: It is important to avoid mixing different types 
of light in the illumination of a subject, as this will produce local variations 
in colour balance. For colour photography it is a fairly basic rule that all 
lights should be of the same colour temperature to within 100°K. Be- 
cause the range of tones from highlight to shadow which colour film will 
record successfully is somewhat short, it is preferable to avoid subjects 
in which there is significant detail in both extreme highlights and deep 
shadows. 
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The guide numbers given in the following table apply for average 
subjects in a room or studio with a light ceiling, and light walls and 
furnishings. They are based on the use of two lamps, each being at the 
same distance from the subject and within 45° of the camera-subject axis. 
The guide number should be divided by the selected lamp-subject dis- 
tance (in feet) to obtain the recommended f/number; conversely, the 
guide number should be divided by the selected {/number to obtain the 
recommended lamp-subject distance. For dark-coloured subjects the 
aperture should be opened by 3 stop; for light-coloured subjects the 
aperture should be closed by 4 stop. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used only as a basis for 
practical experiments. 


SHUTTER SPEED 


LIGHTING 1/8th or 1/15th 1/25thor | 1/SOth or 
1/10th 1/30th |/60th 


second 
second second second 


Two No. | Photofloods in suitable 


reflectors* 9 
Two No. 2 Photofloods in suitable 

reflectors, or two 275-watt Reflec- 

tor Photofloods* 12 
Two 500-watt Reflector 

Photofloods* . so 18 
Two 500-watt (3200°K) fetes 

in suitable reflectorst 10 





* With a Kodak ‘Wratten’ Filter No. 80B over the camera lens. 
t+ Wich a Kodak ‘Wratten’ Filter No. 80A over the camera lens. 


Processing: ‘Kodacolor-X’ film should be processed as soon as possible 
after exposure, so as to avoid any possible latent-image changes which 
may be produced by such conditions as high temperature or high humidity. 
Packed chemicals for preparing a complete set of processing solutions are 
available as ‘Kodak’ Colour-Film Processing Chemicals, Process C-22. 

Alternatively, a processing and print service is available direct from 
Kodak Limited for those customers who have an account; otherwise, 
orders can be accepted only through a Kodak dealer. ‘Kodacolor’ 
Transparencies are at present available from 24 x 36mm, 28 x 40mm, and 
28 x 28mm negatives. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODACOLOR 
KODACOLOR-X 
EKTACOLOR 
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16mm KODAK ‘TRI-X’ NEGATIVE MOVIE FILM 


General properties and uses: This is a panchromatic negative film of 
extreme speed and full colour sensitivity. It is intended particularly 
for filming under difficult lighting conditions of all kinds, when the 
negative-positive method is preferred to reversal. It is also very suitable 
for the making of slow-motion studies, and the recording of high-speed 
phenomena. 

“Tri-X’ is coated on a base of safety type which is tinted for the preven- 
tion of halation, and has an anti-abrasion backing. When splicing, the 
most satisfactory result is obtained if both surfaces which are to be joined 
are scraped. If this is not practicable, cement may be applied to the back 
of the film in the splice area, and wiped off before splicing. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





36 38 40 42 44 46 48 SO S52 S4 S6 SB 60 62 64 66 68 36 38 40 42 44 46 48 SO 52 54 S6 58 60 62 64 66 68 
uv. | Blue | Green | Red uv | Blue | Green I Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200°R) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give 
a true indication of the ultra-violet sensitivity of the material. 


Exposure indices: These figures are suitable for use with exposure meters 
and calculators based on the British Standards Institution or the American 
Standards Association system (see Data Sheets RF-1 and SE-1). 


B.S./A.S.A. Exposure Indices Daylight Tungsten 


Logarithmic 36° 35° 
Arithmetical © 2 2 1. wwe ee 320 250 





Daylight exposures: When processed in D-76 developer, the following 
exposures are approximately correct during summer in temperate latitudes 
(and in the tropics all the year round). In winter the lens aperture should 
be opened by about one stop. Within two hours of sunrise or sunset the 
aperture should be opened by one or more stops further than the setting 
for the season. 
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Bee Brilliant Bright Average Shaded 
Weather Condition Subject | Subject Subject | Subject 


Bright sun : fisox | fie4x | fi4sx | £/32* 
f/72* f/50* f/36* f/25* 
Hazy sun . , f/64* f/45* f/32* f/22* 


f/50* f/36* f/25* f/18* 
Cloudy-bright : f/45* f/32* fizx | f/l6 

f/36* f/25* filex | f/l25 
Cloudy-dull . : f/32* f/22* f/l6 fill 

f/25* f/18* f/12°5 f/9 





* If che aperture cannot be reduced to this size, a larger stop should be used together with an appropriate 
neutral-density filter, details of which are given in Data Sheet FT-2. 


Hazy sun is sufficient to cast a slight shadow of well-defined objects 
such as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects : Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Kodaflector’ 
reflectors, in an average room or studio with light walls, the exposure 
will be approximately as given in the table below. No. 2 Photofloods in 
“Kodalite’ reflectors require one stop less. 


fio | #18 fi4 | f[2-8 


Frame Speed 


Distance of Lamps from Subject (ft) 





Filters: The exposure factors given below show the relative exposure for 
the ‘Wratten’ filters quoted but, apart from the neutral-density filters, they 
can be only an approximate guide to the actual exposure required as they 
depend upon the composition of the lighting. Further details of these 
and other filters can be found in the Data Sheets on specific filters and in 
the book “Wratten Light Filters’’. 
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Kodak ‘Wratten’ Filters 


Daylight factor 
Tungsten factor . 





Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 3 (dark 
green). 


Development: The following Kodak developers are recommended :— 


Purpose Developer Dilution Agitation piepren: ear aerc) 


Continuous y 0°65 
Intermittentt | 0°65 


Normal negative 


D-76* Undiluted { 
work 


Higher contrast} Continuous y 08 
D-19b* “ 
and greater speed Intermittentt | 0-8 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 

+ Thorough but brief agitation at one-minute intervals. 

¢ If even higher contrast is required, it is recommended instead that 16mm Kodak ‘Tri-X’ Reversal Movie 
Film be used (see Data Sheet FM-I1I); it should be developed to a negative in D-19b developer 
(undiluted) for approximately 5 minutes, at 68°F (20°C), which produces a gamma of about 1-5. 


Sensitometric curves 


LLI TT LTT ty 
8 10 12 14 16 18 20 
Development Time (min) 





Density 


Relative Log. Exposure 0 10 2:0 30 4 


Characteristic curves for ‘Tri-X’ Negative Film in 
D-76 developer (undiluted) at 68°F 


The data on which these curves are based are for the average product. 
For accurate scientific work curves should be determined under the actual 
working conditions. 


3 FM-5 


Time-temperature curve 


75 


TE 
RNG 

PT TTT TTT 
NG 
2 3 4 5 10 1S 20 


30 40 
Time of Development (minutes) 





70 







65 


60 


Temperature (°F) 





55 


The developing times at various temperatures corresponding to 74 minutes 
at 68°F are shown. Corresponding curves for other development times 
at 68°F can be drawn parallel to that shown. Best results are obtained 
between 65° and 70°F and development should not be carried out above 
75°F without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in running water 
and fixed in a solution of ‘Kodak’ Acid Fixing Salt with Hardener or 
‘Kodak’ Acid Fixer Powder for twice the time taken to clear (in all, about 
10 minutes in a fresh bath). Alternatively, a solution made up according 
to Kodak formula F-54a may be used for the same time when an acid 
hardening-fixing bath is required. The negative should be washed in 
running water in an efficient washing vessel for 30 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative : minor deviations 
may be found in individual cases owing to various causes. 


Kodak, Wratten, Tri-X, Kodaflector, Kodalite, and Photo-Flo 
are trade marks 
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16mm KODAK ‘PLUS-X’ NEGATIVE MOVIE FILM 





General properties and uses: ‘Plus-X’ is a high-speed, fine-grain, panchro- 
matic, negative film. It is used for general cinematography, especially 
where a number of positive prints are required or the negative-positive 
technique is preferred to reversal. It is also used for recording instrument 
dials, oscillograph traces, etc. 

‘Plus-X’ is coated on a base of safety type, approximately 0-0055 inch 
thick, which is tinted for the prevention of halation, and has an anti- 
abrasion backing. When splicing, the most satisfactory result is obtained 
if both surfaces which are to be joined are scraped. If this is not prac- 
ticable, cement may be applied to the back of the film in the splice area, 
and wiped off before splicing. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 
2:0 


Log Sensitivity 





Wave-length (my) 


The curves above show the variation of log sensitivity with wave-length. 
Sensitivity is defined as the reciprocal of the exposure (expressed in 
ergs,cm*) required to produce a specific density, above gross fog, when 
the material is processed as recommended. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure in daylight; the 
figures in brackets apply for tungsten-light exposures (see Data Sheets 
RF-1 and SE-1). 





B.S./ASA B.S. 
(ARITHMETICAL) (LOGARITHMIC) (LOGARITHMIC) 
80 (64) 30° (29°) 20 (19) 
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Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
season. 





CAMERA SPEED—I6 frames per second* 


CLEAR SUN - 
FALLING ON tia 
SUBJECT ee oe CLOUDY- OR 
TYPE BRIGHT fOPEN 
Front of Side or SHADE 
Subject Backt 
Light. f[25** f[22** | f/18** : f/9 
Average§ . f/22** f/18** f/16 f/8 


Dark. f/18** f/16 f/12-5 f/6°3 





NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 
snow scenes, I|3 stops less. Use figures in table for snow scenes in winter in temperate latitudes. 


* When working at 24 frames per second, the aperture indicated in the table should be opened by $ 


stop. 


t With close-up back-lit subjects containing important shadow detail, the exposure increase may 
amount to | stop depending on the effect required. With side or back-lighting, a reflector is 
frequently useful to illuminate the shadows. 


£ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


§ This classification should be used if in doubt. 


** If che aperture cannot be reduced to this value, a larger stop should be used together with an appro- 
priate neutral-density filter, details of which are given in Data Sheet FT-2. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Koda- 
flector’ or other simple reflectors, in an average room or studio with light 
walls, the exposure will be approximately as given in the table below. 
No. 2 Photoflood lamps in ‘Kodalite’ reflectors require 1 stop less. 


18 | f6-3 | F156 | F145] £14 | £135 | 2-8] F2 | F1I-4 


DISTANCE OF LAMPS FROM SUBJECT (FEET) 


FRAME RATE 






16 f.p.s. 
24 f.p.s. 


w 
Ni- 


Filters 
















KODAK ‘WRATTEN’ 


FILTERS B(K2).) 9K) 


11(X1) 25 | ND.0-3 | ND.0-6 | ND.O-9 


Daylight factor 
Tungsten factor 
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Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 3 (dark 
green). 


Development: The following Kodak developer is recommended :— 





MODE APPROX. TIME AT 





PURPOSE | DEVELOPER | DILUTION OF USE AGITATION CONTRAST | 20 C (68°F) 
Normal P : 
= . rocessin 2 3 
negative D-76* Undiluted achinee Continuous y 0°65 5 min 
work 
* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 


Sensitometric curves 





8 10 12 14 16 
Development Time (min) 





~ Density 


Relative Log. Exposure 0 1-0 2:0 30 4 


Characteristic curves for ‘Plus-X’ Negative Movie Film in 
D-76 developer (undiluted) at 20°C (68°F) 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 


working conditions. 


Time-temperature curve 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures corresponding to 5 minutes 
at 20°C (68°F) are shown. Corresponding curves for other developing 
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times at 20°C (68°F) can be drawn parallel to that shown. Best results are 
obtained between 18° and 24°C (65° and 75°F), and development should 
not be undertaken at above 24°C (75°F) without special precautions (see 
Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
Kodak Liquid Stop Bath with Indicator, a solution made up according 
to Kodak formula SB-1 (see Data Sheet FY-4), or in running water, and 
fixed at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ 
fixers are recommended—‘Kodafix’ Solution, AM-33 Rapid Liquid Fixer 
with AM-33H Hardening Additive, ‘Unifix’ Powder, or a solution made 
up according to Kodak formula F-5 (see Data Sheet FY-4). The preferred 
practice is the use of two successive fixing baths. The film should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time 
as was required in the first, and drained back for 5 seconds. If a single 
fixing bath is used, the fixing time will be twice that needed for clearing. 
Any fixing bath should be discarded when it fails to clear the film in 10 
minutes; then, when using the two-bath method, the first bath should 
be replaced with the second bath and a fresh second bath made up. 
After 5 such changes, both baths should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal commercial requirements, the negative should be washed 
in running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes, with 
occasional agitation, in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo-Clearing Agent should 
be used. Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution at 
the dilution recommended. The negative should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Wratten, Plus-X, Kodafix, Kodaflector, Kodalite, Unifix, and Photo-Flo 
are trade marks 
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16mm ‘KODAK’ POSITIVE MOVIE FILM 





General properties and uses: This is a low-speed, fine-grain, blue- 
sensitive, positive-type film, normally used for the production of prints 
from 16 mm film negatives. It is also suitable for the making of negative 
or positive titles, or for the making of prints from negative titles. 


It is coated on a base of safety type, without backing, and is available 
with standard 16 mm perforations or perforated one side only, for sound. 


Sensitization: Sensitive to ultra-violet and to blue light only :— 





W638 40 42 4 46 48 SO S2 54 56 SB 60 62 64 66 68 
UY. | Blue | Green | Red 


Sensitivity Curve to Tungsten Light (3200° K) 


The apparent rapid fall in sensitivity shown at the left hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the film is used normally only for printing, in 
which the effective speed of the material depends upon the conditions of 
use, no figures can be given and exposures with any given apparatus must 
be found by trial. However, for the making of titles with a cine camera, 
the following may serve as a guide. The table applies for the copying of 
black-letter titles against a white background, when lit by two No. 1 
Photoflood lamps in ‘Kodaflector’ reflectors, both at 2 feet from the title, 
one on each side of the lens axis and at 45° to it. No. 2 Photoflood lamps 
in ‘Kodalite’ reflectors require | stop less. 


Camera Speed Lens Aperture 


8 frames per second {4 


16 frames per second f'2-8 
24 frames per second f 2-2 





This exposure may need to be modified according to the equipment used 
and individual preference. 


Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 0B 
(lime yellow). 
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PROCESSING 


This film is normally processed by the cine processing laboratories, but 
for those users who wish to process it themselves, the following recom- 
mendations may be of value. 


Development: The following Kodak developers are recommended :— 


ee Mod eae ‘ i 
Purpose Developer Dilution of Use Agitation pbpron: eer orc) 





D. 16 Undiluted| Processing 


Normal D.158) 


a machine or 
printing 


D.163/ +1 spool tank 
| 





Time-temperature curve 75 
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o 
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The developing times at various temperatures corresponding to 5 minutes 
at 68 F are shown. Corresponding curves for other development times 
at 68 F can be drawn parallel to that shown. Best results are obtained 
between 65° and 70° F and development should not be carried out above 
75 F without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed at 
a temperature of 65°-70° F (18°-21° C) in a solution of ‘Kodak’ Acid Fixing 
Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing solution made 
up according to Kodak formula F.52 or F.54a (for formulae see Data Sheet 
FY-4). The preferred practice is to use two successive fixing baths. 
The film should be cleared of all milkiness in the first bath and drained 
back for 5 seconds. It should then be given in the fresh second fixing 
bath, the same time as was required in the first, and drained back for 5 
seconds. Ifa single fixing bath is used the fixing time will be twice that 
needed for clearing. Any fixing bath should be discarded when it fails to 
clear in 10 minutes; then, when using the two-bath method, the first bath 
should be replaced with the second bath and a fresh second bath made up. 
After five such changes, both baths should be discarded. 


For normal requirements the negative or positive should be washed in 
running water for 20 minutes at 60°-70° F (16°-21° C) in an efficient wash- 
ing vessel. Alternatively, it may be soaked for 5 minutes in each of 4 
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complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When a low degree of permanence is acceptable, e.g., when the negative or 
positive is required immediately, but is not to be kept, the times may be 
reduced; under these circumstances only a brief rinse may be adequate. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The negative or positive should then be dried 
in a dust-free atmosphere. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODAFLECTOR 
KODALITE 
PHOTO-FLO 
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16mm ‘KODAK’ HIGH-CONTRAST PAN MOVIE FILM 





General properties and uses: This is a low-speed panchromatic negative 
film for camera use. The emulsion is of high resolving power, extremely 
fine grain, and high contrast. It is designed for the preparation of film 
titles, and for cine-micrography. Other uses include instrument-dial 
recording, the preparation of certain types of graticule and scale, and all 
continuous-tone work where a slow film of very high resolution is required. 

It is coated on a grey base of safety type, without backing, and is 
available only with 0-3000-inch pitch 16 mm perforations in both edges. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S.'ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposures by either tungsten 
light or daylight (see Data Sheets RF-1 and SE-1). 


For high-contrast subjects (e.g., titles, instrument dials, graticules, and 
scales), with high-contrast development, using the exposure-meter reading 
obtained from a white surface in the subject position :— 





B.S./ASA (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 


12 22° 12 


For continuous-tone subjects with low-contrast development, using the 
meter normally :— 





B.S./ASA (ARITHMETICAL) 






B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 





17 7 






4 


In cine-micrography the correct exposure will vary considerably with 
the subject matter, the apparatus, and with different light sources; it should 
therefore be determined by trial. This film has the same speed as the now 
discontinued 16mm Cine-Micrographic Film. 


Exposure: When photographing high-contrast subjects, the exposure is 
critical, and practical trial is advised. As a rough guide, for a title of black 
letters on a white ground, illuminated by two No. 2 Photofloods in ‘Koda- 
lite’ reflectors 3 feet from the subject, and at an angle of 45° to the camera- 
subject axis, an exposure of f 8 at 16 frames per second should be approxi- 
mately correct. With two No. | Photofloods in ‘Kodaflector’ reflectors, 
under the same conditions, an aperture of f/5-6 at 16 frames per second 
should be used as a basis for trial. When using a camera speed of 24 
frames per second the aperture should be opened by half a stop. 
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Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 3 (dark green). 


PROCESSING 

This film is normally processed by cine-film processing laboratories, 
but for those who wish to process it themselves, the following recommenda- 
tions may be of value. The price of this film does not include a processing 
charge, and Kodak Limited does not offer a processing service for it. 


Development: The following ‘Kodak’ developers are recommended. 














PURPOSE | DEVELOPER | DILUTION | AGITATION 2c (68 F) ER 





DG-10+ or 143 Continuous 44 min 2-9 

High DX-80 + } { 1+6 Continuous 64 min 2-9 
contrast * 

D-19b + Undiluted Continuous 34 min 3-2 

Low D-76* { 142 Intermittent s | 5 min 1-0 

contrast 7 1+4 Intermittent §| 5 06 


* Ifa simple continuous-processing machine is used when For formulae see Data Skeet FY-2. 
developing the film to a high contrast, the development 
times in the table may need to be increased, the amount 
depending on the type of machine. 


Available as a ‘Kodak’ Liquid Developer. 
Available as a ‘Kodak’ Packed Developer Powder. 
Thorough agitation for 5 seconds at one-minute intervals. 


a ttt 


Sensitometric Curves 
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Characteristic curves for High-Contrast Pan Movie Film developed in D-19b developer 

(undiluted) 3:2, and in D-76 developer (diluted 1 + 2) 1:0, at 20°C (68°F). Both 

D-76 time-gamma curves are for intermittent agitation; DG-10, DX-80, and D-19b 
are for continuous agitation 
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The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 
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Time of Development (minutes) 


The developing times at various temperatures corresponding to 3} and 5 
minutes at 20°C (68°F) are shown. Corresponding curves for other 
developing times at 20°C (68°F) can be drawn parallel to those shown. 
Best results are obtained between 18° and 24°C (65° and 75°F), and 
development should not be undertaken at above 24°C (75 F) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ 
fixers are recommended—‘Unifix’ Powder, AM-33 Rapid Liquid Fixer 
with AM-33H Hardening Additive, ‘Kodafix’ Solution, or a solution made 
up according to Kodak formula F-5 (see Data Sheet FY-4). The preferred 
practice is the use of two successive fixing baths. The film should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. It 
should then be given, in the fresh second fixing bath, the same time as was 
required in the first, and drained back for 5 seconds. If a single fixing 
bath is used, the fixing time will be twice that needed for clearing. Any 
fixing bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 


For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements, the negative or positive should be washed in 
running water for 15 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes in each of 3 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is 
important, ‘Kodak’ Hypo-Clearing Agent should be used. 
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The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The negative or positive should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Kodafix, Kodaflector, Kodalite, Photo-Flo, Unifix, and Wratten 
are trade marks 
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16mm KODAK ‘TRI-X’ REVERSAL MOVIE FILM 


General properties and uses: ‘Tri-X’ is a panchromatic reversal film 
of extreme speed and full colour-sensitivity. It is intended particularly 
for working by artificial light, and it possesses considerable exposure 
latitude. Owing to its extreme speed, it is the ideal film for use in 
high-speed cameras. 

This film is coated on safety base which is tinted for the prevention of 
halation, and has an anti-abrasion backing. When splicing, the most 
satisfactory result is obtained if both surfaces which are to be joined are 
scraped. If this is not practicable, cement may be applied to the back of 
the film in the splice area, and wiped off before splicing. 


WARNING: This film must not be spliced before being sent for reversal 
processing. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





36°38 40 42 44 46 48 SO 52 S4 S6 58 60 62 64 66 68 


36 38 4 42 44 46 48 SO S2 S4 S56 SB 60 62 64 66 68 


| Bue | Green | Red uv. | Bue | Green | Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200°K) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Exposure indices: These figures are suitable for use with exposure meters 
and calculators scaled in B.S. or ASA exposure indices (see Data Sheets 
RF-1 and SE-1). 


Exposure Indices Daylight Tungsten 


Logarithmic (B.S.) 2. 2. 2. 2. 2 ee ee 34° 33° 
Arithmetical (B.S.or ASA). 2. 2. 1. 2 we ee 200 160 





Daylight exposures: The following daylight exposure times will be found 
to be approximately correct during the middle of the day between March 
and September. In winter the aperture should be opened by about a stop. 


Issue C Kodak Data Sheet 
FM-I1 


Weather Brilliant Bright Average Shaded 
Condition Subject Subject Subject Subject 


Brightsun. . . fi45* f/36* f/32* f/16 
f/36* f/32* f/25* f/l2°5 


Hazy sun... f/32* f/25* f/22* f/'l 


f/25* f/22* f/18* f/9 


Cloudy-bright. . : f/22* f/18* f/16 fil 
f/18* f/16 F/125 f/9 


Cloudy-dull : f/16 fil25 fl = 
f/12°5 fill f/9 _— 





* If che aperture cannot be reduced to this size, a larger stop should be used together with an appropriate 
neutral-density filter, details of which are given in Data Sheet FT-2. 


Hazy sun is sufficient to cast a slight shadow of well-defined objects, 
such as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects ; Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
reflectors, in an average room or studio with light walls, the exposure will 
be approximately as given in the table below. No. 2 Photoflood lamps 
in ‘Kodalite’ reflectors require 1 stop less. 


Lens Aperture 
Distance of Lamps from 
Subject (ft) 
£/6°3 | £/5-6 | f/4:5 | f/4 | £/3-5 | £/2-8 | £/2-5 


For (6 f.p.s. . 
For 24 f.p.s. . 





Filters: Exposure factors given opposite show the relative exposure for the 
filters quoted but, except for the neutral-density filters, they can be only 
an approximate guide to the actual exposure required as they depend upon 
the composition of the lighting. Further details can be found in the 
Data Sheets on specific filters and in the book “Wratten Light Filters”. 
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Kodak ‘Wratten’ Filters 8(K2) | 9(K3) | IIM(Xt)] 15(G) ND.O°3 | ND.0°6 | ND.0°9 


Daylight factor . 2 
Tungsten factor . . + 





Processing: Reversal processing is undertaken by Kodak Limited when 
the processing charge has been included in the initial price of the film. 


This film may be developed to a negative, by the user, if a moderately 
high contrast is required with high speed, e.g., for recording; it should be 
developed for approximately 5 minutes in D-19b developer (undiluted) 
at 68°F (20°C), which produces a gamma of approximately 1-5. 


Edge numbering: Latent-image footage numbers are a feature of this 
film when it is sold at a price not including processing. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
TRI-X 
KODAFLECTOR 
KODALITE 


KODAK LIMITED LONDON 
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16mm KODAK ‘PLUS-X’ REVERSAL MOVIE FILM 


General properties and uses: ‘Plus-X’ is a panchromatic reversal film 
of high speed and fine grain. Its high panchromatic sensitivity gives an 
especially high speed for artificial-light exposures and it possesses consider- 
able exposure latitude. This film is very suitable for use in high-speed 
cameras when a higher resolution is required than that obtainable with 
‘Tri-X’ Reversal Movie Film (Data Sheet FM-11). 


This film is coated on safety base which is tinted for the prevention of 
halation, and has an anti-abrasion backing. When splicing, the most satis- 
factory result is obtained if both surfaces which are to be joined are 
scraped. If this is not practicable, cement may be applied to the back of 
the film in the splice area, and wiped off before splicing. 


WARNING: This film must not be spliced before being sent for 
reversal processing. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length. 
Sensitivity is defined as the reciprocal of the exposure (expressed in 
ergs/cm?) required to produce a specific density above gross fog. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure in daylight; the figures 
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in brackets apply for tungsten-light exposures (see Data Sheets RF-1 
and SE-1). 


B.S./ASA (ARITHMETICAL) |} B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 


50 (40) 28° (27°) 18 (17) 





Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
season. 





CAMERA SPEED—I6 frames per second * 





CLOUDY- 









CLEAR SUN FALLING ON 























SUBJECT WEAK CLOUDY- | DULL OR 
TYPE Front of HAZY SUN| BRIGHT + OPEN 
Subject SHADE 
Light. f, 18** f/12-5 £9 f 6-3 
Average§ . f/16 fill f'8 f,5°6 
Dark. f/12°5 f9 f,6°3 fi4°5 






NOTE: For subjects on light dry sand or snow, | stop less exposure should be given; for high-altitude 


snow scenes, I4 stops less. Use figures in table for snow scenes in winter in temperate latitudes. 

* When Spence at 24 frames per second, the aperture indicated in the table should be opened by 
1 
+ stop. 


t With close-up back-lit subjects containing important shadow detail, the exposure increase may 
amount to | stop depending on the effect required. With side or back-lighting, a reflector is fre- 
quently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


§ This classification should be used if in doubt. 


** If the aperture cannot be reduced to this value, a larger stop should be used together with an appro- 
priate neutral-density filter, details of which are given in Data Sheet FT-2. 


Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
or other simple reflectors, in an average room or studio with light walls, 
the exposure will be approximately as given in the table below. No. 2 
Photoflood lamps in ‘Kodalite’ reflectors require 1 stop less. 





f.5-6|f4°5| £4 | f3-5 f28| F255] fi2 [fi1-9| fila 





FRAME RATE 





DISTANCE OF LAMPS FROM SUBJECT (FEET) 
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Filters: The exposure factors given below show the relative exposure for 
the filters quoted but, except for the neutral-density filters, they can be 
only an approximate guide to the actual increase in exposure as they 
depend upon the composition of the lighting. Further details of these 
and other filters can be found in the Data Sheets on specific filters and in 
the book “‘Kodak Wratten Filters’’. 










KODAK ‘WRATTEN’ i d 
FILTERS ND.0-6 | ND.O-9 

Daylight factor . . 4 

Tungsten factor. . 4 


Processing: Reversal processing of this film is not undertaken by Kodak 
Limited; very adequate processing services are available from commercial 
cine-film processing laboratories. For those who require to process their 
own film, full recommendations are available on application to the 
Industrial / Professional Sales Division of Kodak Limited at Kingsway, 
London, W.C.2. 


Edge numbering: Latent-image footage numbers are a feature of this film. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
PLUS-X 
TRI-X 
KODAFLECTOR 
KODALITE 
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‘KODAK’ DENTAL X-RAY FILMS 


General purposes and uses 


‘Kodak’ Fast Dental X-ray Film is a fine-grain, high-contrast film of 
optimum speed for periapical and interproximal (‘Bite-Wing’) examina- 
tions. It is coated on blue safety base which is approximately 0-007 inch 
thick; it has rounded corners. 


‘Kodak’ Super-Speed Dental X-ray Film is a film of very high speed 
manufactured for radiography of the dental arches by the occlusal method. 
It is coated on blue safety base which is approximately 0-008 inch thick; it 
has rounded corners. 


Packings: Both films are wrapped in a clean and hygienic moisture-proof 
packet within which the film is sandwiched between protective paper, and 
backed with lead foil. This foil has impressed into it a herring-bone 
pattern to indicate when an exposure has incorrectly been made through 
the reverse side of the film packet. The foil also protects the film from 
secondary radiation, which may be scattered by the tissues of the mouth 
during exposure, and contributes to the rigidity of the packets, so that they 
are firm enough to resist excessive bending which might result in marring 
the image owing to stress marking. However, the packets are sufficiently 
pliable to be readily adapted to the required position in the mouth. One 
size of the Fast Dental X-ray Film used for periapical work is available in 
packets containing, either a single film or a pair of films. The two-film 
packets have the advantage of providing two sets of films of the same case; 
alternatively, the two films can be developed for different times when 
radiographs of different densities are required. 


Each packet of film includes an exposure guide and processing recom- 
mendations. 


The Fast Dental X-ray Film is available in a variety of sizes for periapical 
and interproximal (‘Bite-Wing’) work; the Super-Speed Dental X-ray 
Film is available in the standard size for occlusal work (2} x 3 inches). 


Speed: The exposures given below are suggested for the average adult 
mouth. They assume the use of a dental X-ray unit of 10mA, having an 
output of 60kV, and a constant focus-film distance of 9 inches (23 centi- 
metres), except where otherwise stated. 


For children, the exposures indicated should be reduced by 40 per cent. 
For edentulous patients, the exposures should be reduced by 30 per cent. 
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Periapical Examination with Fast Dental X-ray Film 


Vertical angle— +20 +30 +50 +55 450 +30 +20° 
Exposure (seconds)— 4 3 £ 3 L 2 4 
Bea ee ee Se 


ESEOOGUSSESe 
SC CANOTTIINIA IO 


RE ee er aa erro’ 
Exposure (seconds)— 3 z 
Vertical angle— 5 “| 





ole 


1 i 
a 4 
| 


1 
a 
0 0°. 20° -20° 0 5 
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Occlusal Examination with Super-Speed Dental X-ray Film 

For views of the anterior maxillary, posterior maxillary, and the man- 
dibular regions, the exposure is 1 second. 

For examination of the entire maxillary denture, the film may be 
removed from its packet (in the darkroom) and exposed between ‘Kodak’ 
Ultra-Speed Intensifying Screens in a ‘Kodak’ Intra-Oral Cassette. In 
this case, the exposure time remains at 1 second, but the focus-film dis- 
tance is increased to 16 inches (41 centimetres). 


Contrast: With both films—high. 


Safelight filter recommended: With both films— 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 
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Development: Both films should be developed for 34 minutes in ‘Kodak’ 
Dental X-ray Developer, or for 5 minutes in ‘Kodak’ D-19b Developer 
(undiluted), at 68° F (20° C) with intermittent agitation (thorough but 
brief agitation at one-minute intervals). 


Fixing, washing, and drying: Both films should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, for 20 
seconds, and fixed at a temperature of 65°-70° F (18°-21 °C) in a solution 
of ‘Kodak’ Dental X-ray Fixer or ‘Kodak’ X-ray Fixer Powder. From 
a fresh fixing bath, films may be removed immediately on clearing if they 
are required for urgent inspection. If they are required to be kept, they 
should subsequently be replaced in the fixer for 10 minutes. 

The films should be washed in running water for 20 minutes. When a 
low degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, this time may be reduced; under these 
circumstances only a brief rinse may be adequate. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in the 
dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the films given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
BITE-WING 
WRATTEN 

PHOTO-FLO 


KODAK LIMITED LONDON 


TP9317 WP73959 


KODAK ‘ROYAL BLUE’ X-RAY FILM 


General properties and uses: This is a medical X-ray film specially 
designed for use with intensifying screens, and having an even higher 
speed than Kodak ‘Blue Brand’ X-ray Film. It is made to have maxi- 
mum sensitivity to the blue-violet light emitted by intensifying screens. 

It is coated on a blue safety base which is approximately 0-008 inch 
thick. 


Relative speed: The relative speed of ‘Royal Blue’ X-ray Film in combi- 
nation with ‘Kodak’ X-ray intensifying screens is given below, together 
with relative speeds for combinations of these screens with other ‘Kodak’ 
medical X-ray films. These determinations apply for the normal 
diagnostic range of kilovoltages and exposure times. 


X-RAY INTENSIFYING SCREENS 


X-RAY FILM ee a ee Se 
High-Speed Regular Fine-Grain 
‘Royal Blue’ - - +--+ + so: 210 160 95 
‘Blue Brand’ > + + + + * s+ se 5 130 100 60 
Standard + + + + + + st toes 65 50 30 





For further details see Data Sheet XR-I. 


Contrast: High, when used with screens; medium, when used without 
screens. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a 
temperature of 20°C (68°F) with intermittent agitation (thorough agitation 
for 5 seconds at one-minute intervals). 

‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; alter- 
natively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a 
temperature of 18°-25°C (64°-77°F) in ‘Kodak’ FX-40 X-ray Liquid 
Fixer with HX-40 X-ray Liquid Hardener. The preferred practice is 


Issue B Kodak Data Sheet 
FM-I5 


the use of two successive fixing baths. The film should be cleared of all 
milkiness in the first bath and drained back for 5 seconds. It should 
then be given, in the fresh second fixing bath, the same time as was 
required in the first, and drained back for 5 seconds. Ifa single fixing bath 
is used, the fixing time will be twice that needed for clearing. Any fixing 
bath should be discarded when it fails to clear in 5 minutes; then, when 
using the two-bath method, the first bath should be replaced with the 
second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 

Alternatively, the packed chemicals Kodak ‘Unifix’ Powder and ‘Kodak’ 
Rapid Acid Fixer Powder may be used, or a solution made up according 
to Kodak formula F-5 (see Data Sheet FY-4). 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 15°-25°C 
(59°-77°F) in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing 
equipment, these times may have to be increased considerably. When a 
low degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details 
of the recommendations necessary to ensure permanence may be found 
in Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The radiograph should then be dried in a dust- 
free atmosphere. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Wratten, Royal Blue, Blue Brand, Unifix, and Photo-Flo are trade marks 
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‘KODAK’ STANDARD X-RAY FILM 





General purposes and uses: This is a general-purpose medical X-ray film 
specially designed for use with intensifying screens, and having its maxi- 
mum sensitivity in the region of maximum emission of light from intensi- 
fying screens. 

ae is coated on a blue safety base which is approximately 0-008 inch 
thick. 


Relative speed: The relative speed of Standard X-ray Film in combination 
with ‘Kodak’ X-ray intensifying screens is given below, together with 
relative speeds for combinations of these screens with other ‘Kodak’ 
medical X-ray films. These determinations apply for the normal diag- 
nostic range of kilovoltages and exposure times. 





X-ray Intensifying Screens 


X-ray Film 
High-Speed Regular Fine-Grain 
‘Royal Blue’ 210 160 95 
‘Blue Brand’ 130 100 60 
Standard 65 50 30 





For further details see Data Sheet XR-I 


Contrast: High, when used with screens; medium, when used without. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a temp- 
erature of 68°F (20°C) with intermittent agitation (thorough agitation for 
5 seconds at one-minute intervals). 

‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; alter- 
natively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a temp- 
erature of 65°-75°F (18°-24°C) in ‘Kodak’ FX-40 X-ray Liquid Fixer 
with HX-40 X-ray Liquid Hardener. The preferred practice is to use 
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two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be 
given, in the fresh second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. Ifa single fixing bath is used, the 
fixing time will be twice that needed for clearing. Any fixing bath should 
be discarded when it fails to clear in 5 minutes; then, when using the two- 
bath method, the first bath should be replaced with the second bath and 
a fresh second bath made up. After 5 such changes, both baths should 
be discarded. 

Alternatively, the packed chemicals ‘Kodak’ X-ray Fixer Powder and 
‘Kodak’ Rapid Acid Fixer Powder may be used, or a solution made up 
according to Kodak formula F-5 (for formula see Data Sheet FY-4). 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 60°-75°F 
(16°-24°C) in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Royal Blue, Blue Brand, and Photo-Flo are trade marks 
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‘KODIREX’ X-RAY FILM 





General purposes and uses: ‘Kodirex’ film is a very high-speed medical 
and industrial X-ray film for use where intensifying screens are not required 
or are objectionable, and where the highest speed is required. It is equally 
suitable for exposure by X-radiation or gamma radiation. 

It is coated on a blue safety base which is approximately 0-008 inch 
thick. 


Relative speed: In medical radiography, this film is used for the highest 
speed without X-ray intensifying screens. No relative speed can, there- 
fore, be quoted for this application. 

The speed of ‘Kodirex’ X-ray Film in relation to other ‘Kodak’ indus- 
trial X-ray films is given below. These determinations were made with 
direct X-radiation generated at 80 kVp and filtered by the inherent tube 
filteration and 0-2 mm of copper. 


Relative Speed 


Relative Speed 


Arey etn to Direct X-rays Moray iin to Direct X-rays 
‘Kodirex’ 400 ‘Crystallex’ 100 
date 200 ‘Microtex’ 25 





For further details see Data Sheet XR-I 
Contrast: High. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a tem- 
perature of 68°F (20°C) with intermittent agitation (thorough agitation 
for 5 seconds at one-minute intervals). 

‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; alter- 
natively, ‘Kodak’ Quick-Finish Developer may be used. 


Issue B Kodak Data Sheet 
FM-17 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a 
temperature of 65°-75°F (18°-24°C) in ‘Kodak’ FX-40 X-ray Liquid 
Fixer with HX-40 X-ray Liquid Hardener. The preferred practice is the 
use of two successive fixing baths. The film should be cleared of all milki- 
ness in the first bath and drained back for 5 seconds. It should then 
be given, in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. Ifa single fixing bath is used 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 5 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both 
baths should be discarded. 

Alternatively, the packed chemicals ‘Kodak’ X-ray Fixer Powder and 
‘Kodak’ Rapid Acid Fixer Powder may be used, or a solution made up 
according to Kodak formula F-5 (for formula see Data Sheet FY-4). 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 60°-75°F 
(16°-24°C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust- 
free atmosphere. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Kodirex, Industrex, Crystallex, Microtex, 
and Photo-Flo are trade marks 
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KODAK ‘BLUE BRAND’ X-RAY FILM 


General purposes and uses: An ultra-speed X-ray film designed for 
medical radiography with intensifying screens. It may, however, be used 
without screens when a film of lower contrast is required, for instance, to 
record detail in regions containing large variations of thickness or density. 

It is coated on a blue safety base which is approximately 0-008 inch thick. 


Relative speed: The relative speed of ‘Blue Brand’ X-ray Film in 
combination with ‘Kodak’ X-ray intensifying screens is given below, 
together with relative speeds for combinations of these screens with other 
‘Kodak’ medical X-ray films. These determinations apply for the normal 
diagnostic range of kilovoltages and exposure times. 







X-ray Intensifying Screens 









X-ray Film 
High-Speed Regular Fine-Grain 
‘Royal Blue’ 210 95 
‘Blue Brand’ 130 60 


30 





65 





Standard 


For further details see Data Sheet XR-!. 


Contrast: High, when used with screens: medium, when used without 
screens. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a 
temperature of 68°F (20°C) with intermittent agitation (thorough agita- 
tion for 5 seconds at one-minute intervals). 

‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; alter- 
natively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a 
temperature of 65°-75°F (18°-24°C) in ‘Kodak’ FX-40 X-ray Liquid Fixer 
with HX-40 X-ray Liquid Hardener. The preferred practice is the use 
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of two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be 
given, in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. Ifa single bath is used 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 5 minutes; then, when 
using the two-bath method, the first bath should be replaced with the 
second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 


Alternatively, the packed chemicals ‘Kodak’ X-ray Fixer Powder and 
‘Kodak’ Rapid Acid Fixer Powder may be used, or a solution made up 
according to ‘Kodak’ formula F-5 (for formula see Data Sheet FY-4). 


For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 60°-75°F 
(16°-24°C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Blue Brand, Royal Blue, and Photo-Flo are trade marks 
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‘KODAK’ DENTAL X-RAY FILMS 


General purposes and uses 





‘Kodak’ Fast Dental X-ray Film is a fine-grain, high-contrast film of 
optimum speed for periapical and interproximal (‘Bite-Wing’) examina- 
tions. It is coated on blue safety base which is approximately 0-007 inch 
thick; it has rounded corners. 


‘Kodak’ Super-Speed Dental X-ray Film is a film of very high speed 
manufactured for radiography of the dental arches by the occlusal method. 
It is coated on blue safety base which is approximately 0-008 inch thick; it 
has rounded corners. 


Packings: Both films are wrapped in a clean and hygienic moisture-proof 
packet within which the film is sandwiched between protective paper and 
lead foil. This foil has impressed into it a herring-bone pattern to 
indicate when an exposure has incorrectly been made through the reverse 
side of the film packet. The foil also protects the film from secondary 
radiation, which may be scattered by the tissues of the mouth during 
exposure, and contributes to the rigidity of the packets, so that they are 
firm enough to resist excessive bending which might result in marring 
the image owing to stress marking. However, the packets are sufficiently 
pliable to be readily adapted to the required position in the mouth. One 
size of the Fast Dental X-ray Film used for periapical work is available in 
packets containing, either a single film or a pair of films. The two-film 
packets have the advantage of providing two sets of films of the same case; 
alternatively, the two films can be developed for different times when 
radiographs of different densities are required. 


Each packet of film includes an exposure guide and processing recom- 
mendations. 


The Fast Dental X-ray Film is available in a variety of sizes for periapical 
and interproximal (‘Bite-Wing’) work; the Super-Speed Dental X-ray 
Film is available in the standard size for occlusal work (2} x 3 inches). 


Speed: The exposures given below are suggested for the average adult 
mouth. They assume the use of a dental X-ray unit of 8-10mA, having 
an output of 55-60kV, and a constant focus-film distance of 9 inches (23 
centimetres), except where otherwise stated. 


For children, the exposures indicated should be reduced by 40 per cent. 
For edentulous patients, the exposures should be reduced by 30 per cent. 
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Periapical Examination with Fast Dental X-ray Film 
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Interproximal (‘Bite-Wing’) Examination with Fast Dental X-ray Film 
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Occlusal Examination with Super-Speed Dental X-ray Film 


For views of the anterior maxillary, posterior maxillary, and the man- 
dibular regions, the exposure is 1 second. 

For examination of the entire maxillary denture, the film may be 
removed from its packet (in the darkroom) and exposed between ‘Kodak’ 
Ultra-Speed Intensifying Screens in a ‘Kodak’ Intra-Oral Cassette. In 
this case, the exposure time remains at 1 second, but the focus-film dis- 
tance is increased to 16 inches (41 centimetres). 


Contrast: With both films—high. 


Safelight filter recommended: With both films— 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 
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Development: Both films should be developed for 4 minutes in ‘Kodak’ 
Dental X-ray Developer (diluted 1-:-4), or for 5 minutes in ‘Kodak’ 
D-19b Developer (undiluted), at 68°F (20°C) with intermittent agitation 
(thorough agitation for 5 seconds at one-minute intervals). 


Fixing, washing, and drying: Both films should be rinsed in running 
water for 20 seconds, and fixed at a temperature of 65°-75°F (18°-24°C) 
in ‘Kodak’ Dental X-ray Fixer (diluted 1—4), or in a solution of ‘Kodak’ 
X-ray Fixer Powder. From a fresh fixing bath, films may be removed 
immediately on clearing if they are required for urgent inspection. If 
they are required to be kept, they should subsequently be replaced in the 
fixer for 10 minutes. 

The films should be washed in running water for 20 minutes. Whena 
low degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, this time may be reduced; under these 
circumstances only a brief rinse may be adequate. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in the 
dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the films given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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‘KODAK’ RADIOGRAPH DUPLICATING FILM 


General properties and uses: ‘Kodak’ Radiograph Duplicating Film 
is designed for making copies direct from medical radiographs, but it is 
also suitable for duplicating industrial weld radiographs. It is coated 
with a direct-positive emulsion which reproduces the tones of the original 
radiograph in one step without the need for reversal processing. 

It is coated on blue safety base (approximately 0-008 inch thick) carry- 
ing an anti-halation backing which clears during development. 

Handle this film carefully; it is more sensitive to handling marks than 
unprocessed X-ray film. 


Exposure: Place the radiograph to be duplicated in contact with the 
emulsion side of the duplicating film, and expose the combination with 
the radiograph facing the light-source. Keep the radiograph and the 
duplicating film in intimate contact by using a printing frame or a contact 
printer. 

Ordinary tungsten bulbs can be used to expose Radiograph Duplicating 
Film. As a guide for trial exposures, 15 seconds will be required when 
using a 100-watt pearl tungsten bulb at 4 feet from the printing frame— 
To increase the density of the duplicate, decrease the exposure: to decrease 
the density, zncrease the exposure. 


Safelighting: Handle and process this film by the direct or indirect 
light from a safelamp, fitted with a ‘Wratten’ Series 6B (brown) safelight 
filter and a 25-watt bulb, not less than 4 feet from the film. 


Automatic processing: This film can be processed in ‘Kodak’ Medical 
or Industrial ‘X-Omat’ Processors, using the normal chemicals, or in 
similar processors. With ‘X-Omat’ Processors, load the film with its 
emulsion side uppermost. 


Manual processing 
Development : Develop the film in a tank using ‘Kodak’ DX-80 Developer 
or undiluted ‘Kodak’ D-19 or D-19b Developer, according to the table 
below. 

No agitation should be used whilst developing, other than lightly tapping 
the hangers immediately upon immersion to dislodge air bubbles from the 
film surface. Avoid using channel hangers if possible. 







DEVELOPING TIME AT: 





DEVELOPER AND DILUTION 






18°C 20°C 24°C 
(65°F) (68°F) (75°F) 
DX-80 * (1 +4) 5 min 4 min 24 min 













D-19 or {D-19b (undiluted). 6 min 5 min 





* Available as a ‘Kodak’ Liquid Developer. For D-19 and D-19b formulae, see Data Sheet FY-2. 
+ Available as a ‘Kodak’ Packed Developer Powder. 
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Stop Bath: Rinse the film for 30-60 seconds at 16°-24°C (60°-75°F) in 
a solution of ‘Kodak’ Liquid Stop Bath with Indicator, a solution made 
up according to Kodak formula SB-la (see Data Sheet FY-4), or in 
running water. Agitate the film vigorously for at least 10 seconds after 
immersion. 


Fixing : Fix the film at a temperature of 16°-24°C (60°-75°F) for 2-4 
minutes in ‘Kodak’ FX-40 X-ray Liquid Fixer with HX-40 X-ray Liquid 
Hardener, or for 5-10 minutes in a solution of Kodak ‘Unifix’ Powder. 
Alternatively, use a solution made up according to Kodak formula F-5 
(see Data Sheet FY-4). Agitate the film vigorously for at least 10 seconds 
after immersion. 


For best results and the most efficient fixing, use two successive fixing 
baths. Clear the film of all milkiness in the first bath, and drain back 
for 5 seconds. Then fix in the second bath for the same time as needed 
in the first. When the first bath fails to clear the film in 5 minutes, 
replace it with the second, and make up a fresh second bath. After 
5 such changes, discard both baths. 


Washing : Wash the duplicate radiograph for 30 minutes in clean running 
water, at 16°-24°C (60°-75°F), which is being changed at a minimum 
rate of 4 complete changes per hour. Under the same conditions, 
radiographs for moderate-term storage—up to about 10 years—need only 
be washed for about 10 minutes. At lower temperatures or with less 
efficient washing equipment, these times may have to be increased con- 
siderably. When it is important to reduce the washing time or to save 
water, use ‘Kodak’ Hypo-Clearing Agent. 


Drying : To obviate the risk of drying marks and to hasten drying, rinse 
the duplicate radiograph for 1-2 minutes in Kodak ‘Photo-Flo’ Solution 
in dilution recommended. Then dry the film in a dust-free place at 
room temperature. Alternatively, use a heated drying cabinet in which 
the temperature does not rise above about 45°C (113°F), e.g., any ‘Kodak’ 
drying cabinet. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Photo-Flo, Unifix, Wratten, and X-Omat 
are trade marks 
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KODAK ‘MICGROTEX’ X-RAY FILM 


General properties and uses: This film has been evolved to meet the 
need in industrial radiography for an even higher resolution and finer grain 
emulsion than that provided by ‘Crystallex’ X-ray Film (Data Sheet 
FM-28). It is, in consequence, capable of extreme sensitivity in fault 
detection, and can record detail too fine for the unaided eye to see; it is 
made specifically for the most critical radiographic examination of light- 
alloy castings and welds, particularly spot welds. In combination with 
‘Crystallex’ film it is also recommended for use in the “double-film” 
technique. 

‘Microtex’ film is suitable for use with high-voltage X-rays, and for all 
gamma-radiography where the detection of fine defects is the paramount 
need, and consideration of the length of exposure time is secondary. 

In common with all ‘Kodak’ X-ray films, ‘Microtex’ film has a strong 
resistance to pressure marks, abrasion, and cockling of the base. 

This film is coated on a blue safety base which is approximately 
0-007 inch thick. 


Relative speed: The speed of ‘Microtex’ X-ray film in relation to other 
‘Kodak’ industrial X-ray films is given below. These determinations 
were made with direct X-radiation generated at 80 kVp and filtered by 
the inherent tube filtration and 0-2 mm of copper. 


Relative Speed 


Relative Speed 


ay Flin to Direct X-rays Ceeay bse to Direct X-rays 
‘Kodirex’ 400 ‘Crystallex’ 100 
‘Industrex: 200 ‘Microtex’ 25 

Type D 





For further details see Data Sheet XR-!. 
Contrast: High. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a 
temperature of 68°F (20°C) with intermittent agitation (thorough 
agitation for 5 seconds at one-minute intervals). 

Prolongation of development to approximately treble the above times 
results in a doubling of speed and an increase in contrast, with only a slight 
increase in graininess and an insignificant rise in fog level. 
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‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; 
alternatively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a 
temperature of 65°-75°F (18°-24°C) in ‘Kodak’ FX-40 X-ray Liquid 
Fixer HX-40 X-ray Liquid Hardener. The preferred practice is 
the use of two successive fixing baths. The film should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given, in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. Ifa single fixing bath is used 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 5 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both baths 
should be discarded. 

Alternatively, the packed chemicals ‘Kodak’ X-ray Fixer Powder and 
‘Kodak’ Rapid Acid Fixer Powder may be used, or a solution made up 
according to Kodak formula F-5 (for formula see Data Sheet FY-4). 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 60°-75°F 
(16°-24°C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing 
equipment, these times may have to be increased considerably. When a 
low degree of permanence is acceptable, e.g., when the radiograph is to 
be kept for only a short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust- 
free atmosphere. 


The characteristics of the film given in this Data Sheet are intended only 
as a guide to the choice of a suitable material for a specific purpose. The 
data should not be assumed to be strictly quantitative: minor deviations 
may be found in individual cases owing to various causes. 


Kodak, Wratten, Microtex, Kodirex, Industrex, Crystallex, and Photo-Flo 
are trade marks 
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KODAK ‘INDUSTREX’ X-RAY FILM TYPE D 


General purposes and uses: Type D Film is recommended for radio- 
graphy without salt screens, for radiography using lead screens and for 
X-ray crystallography. Type D Film maintains its speed and contrast 
over a wide range of radiographic conditions. The high contrast which 
this film yields, results in high sensitivity for fault detection and is valuable 
when gamma rays are used. Where extremes of thickness must be 
recorded at one exposure on a single radiograph, the contrast may be too 
high unless an illuminator of high intensity is used for examining the 
radiographs: in such cases ‘Industrex’ X-ray Film Type S (Data Sheet 
FM-26), which has lower contrast and therefore greater latitude, is 
recommended. Type D Film is specially suitable for lead-screen 
exposures of welds. 

This film is coated on blue safety base which is approximately 0-006 
inch thick. 


Speed: When exposed to direct X-rays of 80 kVp with the inherent tube 
filtration and a filter of 0-2 mm copper to represent the specimen, the 
relative speed is 27 (see Data Sheet XR-1). 


Contrast: High. 


Safelight recommended: 


Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 5 minutes in ‘Kodak’ 
D.19b (undiluted), or for 4 minutes in ‘Kodak’ DX.80 Developer (made up 
as recommended), at 68° F (20° C) with intermittent agitation (thorough 
but brief agitation at one-minute intervals). 

‘Kodak’ D.19bR and DX.80R Replenisher, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential ‘Kodak’ DX.80R Replenisher 
should be used as a developer, for the times given on the label; alterna- 
tively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or, individually, in a spray rinse, 
and fixed at a temperature of 65°-70° F (18°-21° C) in a solution of ‘Kodak’ 
X-ray Acid Fixing Salt with Hardener, ‘Kodak’ X-Ray Rapid Acid Fixer 
Powder or a fixing solution made up according to Kodak formula F.54a. 
The preferred practice is to use two successive fixing baths. The film 
should be cleared of all milkiness in the first bath and drained back for 5 
seconds. It should then be given, in the fresh second fixing bath, the 
same time as was required in the first, and drained back for 5 seconds. Ifa 
single fixing bath is used the fixing time will be twice that needed for clear- 
ing. Any fixing bath should be discarded when it fails to clear in 5 minutes; 
then, when using the two-bath method, the first bath should be replaced 
with the second bath and a fresh second bath made up. The use of 
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‘Kodak’ X-ray Liquid Fixer FX.40 is recommended when radiographs are 
required very quickly; this may be used only to clear the film which may 
be re-fixed subsequently if it is required to be kept. 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at not less than 
50°F (10°C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


Sensitometric curve 40 


The data on which this curve is 
based are for the average product. 
Because the film is normally only 
used under the conditions of 
development recommended, 
time-gamma curves are not given 
and should be determined, when 45 
required, under the actual work- 
ing conditions. 


Density 


0 10 20 30 40 
Relative Log. Exposure 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Industrex, and Photo-Flo are trade marks 
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KODAK ‘GRYSTALLEX’ X-RAY FILM 


General purposes and uses: ‘Crystallex’ is a fine-grain X-ray film speci- 
ally designed for X-ray work in which grain size must be at a minimum 
consistent with reasonable speed. It is recommended for the radiography 
of light alloys with no extremes in thickness, particularly where inter- 
crystalline shrinkage must be detected: for X-ray crystallography in which 
the image is examined by means of a micro-densitometer: and for the 
radiography of small objects in which fine detail must be revealed, e.g., 
radio valves and sparking plugs. It is not intended for use with salt 
intensifying screens, as the fine-grain advantages of the film would then 
be lost. It may, however, be used with lead intensifying screens, and is 
particularly useful when highly penetrative radiation, such as that generated 
at 1000 kV, is employed. In combination with ‘Industrex’ Film Type M 
(Data Sheet FM-25), it is also recommended for use in the ‘‘double-film” 
technique. 

This film is coated on blue safety base which is approximately 0°006 inch 
thick. 


Speed: When exposed to direct X-rays of 80 kVp with the inherent tube 
filtration and a filter of 0‘2 mm copper to represent the specimen, the 
relative speed is 11 (see Data Sheet XR-1). 


Contrast: High. Approximately equal to that of ‘Industrex’ Film Type D. 


Safelight recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 5-12 minutes in Kodak 
D.19b (undiluted), or for 4-10 minutes in ‘Kodak’ DX.80 Developer 
(made up as recommended), at 68° F (20° C) with intermittent agitation 
(thorough but brief agitation at one-minute intervals). 

‘Kodak’ D.19bR and DX.80R Replenisher, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential ‘Kodak’ D X.80R Replenisher 
should be used as a developer, for the times given on the label; alterna- 
tively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or, individually, in a spray rinse, 
and fixed at a temperature of 65°-70° F (18°-21° C) in a solution of 
‘Kodak’ X-ray Acid Fixing Salt with Hardener, ‘Kodak’ X-Ray Rapid Acid 
Fixer Powder or a fixing solution made up according to Kodak formula 
F.54a. The preferred practice is to use two successive fixing baths. The 
film should be cleared of all milkiness in the first bath and drained back for 
5 seconds. It should then be given, in the fresh second fixing bath, the 
same time as was required in the first, and drained back for 5 seconds. If 
a single fixing bath is used the fixing time will be twice that needed for 
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clearing. Any fixing bath should be discarded when it fails to clear in 5 
minutes; then, when using the two-bath method, the first bath should be 
replaced with the second bath and a fresh second bath made up. The use 
of ‘Kodak’ X-ray Liquid Fixer FX.40 is recommended when radiographs 
are required very quickly; this may be used only to clear the film which 
may be re-fixed subsequently if it is required to be kept. 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at not less than 
50° F (10° C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which are 
required to be kept for longer storage periods should be washed for 20 
minutes. At lower temperatures, or with less efficient washing equipment, 
these times may have to be increased considerably. When a low degree of 
permanence is acceptable, e.g., when the radiograph is to be kept for only a 
very short period, these times may be reduced; under these circumstances 
only a brief rinse may be adequate. Full details of the recommendations 
necessary to ensure permanence may be found in Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


Sensitometric curve ag 


The data on which this curve is 
based are for the average product. 
Because the film is normally only 30 
used under the conditions of 
development recommended, 
time-gamma curves are not given 

and should be determined, when 
required, under the actual work- ?° 
ing conditions. 


Density 


0 10 20 3-0 40 
Relative Log. Exposure 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Crystallex, Industrex, and Photo-Flo are trade marks 
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KODAK ‘CRYSTALLEX’ X-RAY FILM 


General purposes and uses: ‘Crystallex’ is a fine-grain X-ray film speci- 
ally designed for X-ray work in which grain size must be at a minimum 
consistent with reasonable speed. It is recommended for the radiography 
of light alloys with no extremes in thickness, particularly where inter- 
crystalline shrinkage must be detected: for X-ray crystallography in which 
the image is examined by means of a micro-densitometer: and for the 
radiography of small objects in which fine detail must be revealed, e.g., 
radio valves and sparking plugs. It is not intended for use with salt 
intensifying screens, as the fine-grain advantages of the film would then 
be lost. It may, however, be used with lead intensifying screens, and is 
particularly useful when highly penetrative radiation, such as that generated 
at 1000 kV, is employed. In combination with ‘Microtex’ X-ray Film 
(Data Sheet FM-25), it is also recommended for use in the “double-film” 
technique. 

This film is coated on blue safety base which is approximately 0°007 inch 
thick. 


Relative speed: The speed of ‘Crystallex’ X-ray film in relation to other 
‘Kodak’ industrial X-ray films is given below. These determinations 
were made with direct X-radiation generated at 80 kVp and filtered by 
the inherent tube filtration and 0-2 mm of copper. 











Relative Speed Relative Speed 








Apap ella to Direct X-rays aay run to Direct X-rays 
‘Kodirex’ 400 ‘Crystallex’ 100 
“Industrex: 200 ‘Microtex’ 25 









Type D 






For further details see Data Sheet XR-!. 


Contrast: High. Approximately equal to that of ‘Industrex’ Film Type D. 


Safelight filter recommended 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a tem- 
perature of 68°F (20°C) with intermittent agitation (thorough agitation 
for 5 seconds at one-minute intervals). 

Prolongation of development to approximately double the above times 
results in a 50 per cent increase in speed and a slight increase in contrast 
and graininess, with an insignificant rise in fog level. 
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‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; alter- 
natively ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a 
temperature of 65°-75°F (18°-24°C) in ‘Kodak’ FX-40 X-ray Liquid Fixer 
with HX-40 X-ray Liquid Hardener. The preferred practice is the use of 
two successive fixing baths. The film should be cleared of all milkiness in 
the first bath and drained back for 5 seconds. It should then be given, in 
the fresh second fixing bath, the same time as was required in the first, and 
drained back for 5 seconds. If a single fixing bath is used the fixing time 
will be twice that needed for clearing. Any fixing bath should be discarded 
when it fails to clear in 5 minutes; then, when using the two-bath method, 
the first bath should be replaced with the second bath and a fresh second 
bath made up. After 5 such changes, both baths should be discarded. 

Alternatively, the packed chemicals ‘Kodak’ X-ray Fixer Powder and 
‘Kodak’ Rapid Acid Fixer Powder may be used, or a solution made up 
according to Kodak formula F-5 (for formula see Data Sheet FY-4). 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 60°-70°F 
(16°-24°C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which are 
required to be kept for longer storage periods should be washed for 20 
minutes. At lower temperatures, or with less efficient washing equipment, 
these times may have to be increased considerably. When a low degree of 
permanence is acceptable, e.g., when the radiograph is to be kept for only a 
very short period, these times may be reduced; under these circumstances 
only a brief rinse may be adequate. Full details of the recommendations 
necessary to ensure permanence may be found in Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Crystallex, Kodirex, Industrex, Microtex, and Photo-Flo 
are trade marks 
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‘KODALITH’ ORTHO FILMS, TYPE 3 


General properties and uses: These are orthochromatic films of extremely 
high contrast and density, capable of producing exceedingly sharp dots in 
photomechanical screen reproduction. They are designed for the making 
of half-tone or line negatives or positives in both photo-engraving and 
photolithography, and may be used either in a camera or by contact. 
They are very suitable for reversal by the etch-bleach process. When 
handled under the conditions specified in Graphic Arts Leaflet GA-Tech-8 
(available on application), these films are capable of giving excellent 
results from originals having particularly fine lines. 


‘Kodalith’ Ortho Films, Type 3, are also suitable for general copying 
work and for the reproduction of engineering drawings. They are 
especially useful in such applications if contrast has to be increased, e.g., 
when copying faded originals. 


These films are available on five types of base, all of which carry an 
anti-halation backing which clears during development. 


‘Kodalith’ Ortho Film, Type 3, has a 0.005-inch thick acetate safety base 
having special low-shrink characteristics. 


‘Kodalith’ Ortho Thin Base Film, Type 3, has a 0.003-inch thick acetate 
safety base, and can be printed-down emulsion side upwards without loss 
of definition. It is therefore suitable when lateral reversal is required. 


‘Kodalith’ Ortho Film, Type 3 (‘Estar’ Base), is coated on ‘Estar’ polyester 
support approximately 0.004 inch thick. ‘Estar’ base provides very 
high resistance to tearing, and a very high degree of dimensional stability 
for a flexible film base. An additional advantage is that this base absorbs 
less water during processing than cellulose ester film bases and, thus, 
dries more rapidly. 


‘Kodalith’ Ortho Film, Type 3, (‘Estar’ Thick Base), is coated on ‘Estar’ 
polyester support approximately 0.007 inch thick. 


‘Kodalith’ Ortho Film, Type 3 (‘Estar’ Thin Base), is coated on ‘Estar’ 
polyester support approximately 0.0025 inch thick. This is a thin-base 
film suitable for lateral reversal. 


Another film is available that has the same photographic characteristics 
to the above films, but the emulsion is carried on a tough, very thin 
membrane which can be stripped dry or wet from the temporary base and 
transferred to a glass or other support. This film is ‘Kodalith’ Transparent 
Stripping Film, Type 3, and it is suitable for lateral image reversal, and 
for combination and inset work. Full details of the method of stripping 
are given in Graphic Arts leaflet GA-Tech-9 (available on application). 


It is particularly important to ensure that the copy-board glass, the 
original, and the film, are free from dust, as the very high contrast of these 
films causes the dust to reproduce as pinholes or spots. 
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Sensitization: Sensitive to ultra-violet, blue and green. 


Log Sensitivity 





Wave - length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds; the sensitivity is expressed as the 
reciprocal of ergs/cm?. The curves shown are for specified densities 
above gross fog, and apply when the material is processed as recommended 
in ‘Kodalith’ Super Developer. 


Meter settings: The effective speed of the material depends on the con- 
ditions of use. However, the following meter settings should be used as a 
guide for making trial exposures ; the actual exposure may vary considerably 
according to the working conditions and the quality of the original. 
These meter settings take into account the ultra-violet absorption of 
average process lenses, and apply when the camera lens is focused at 
infinity. They are suitable for use with exposure meters scaled in 
ASA/BS (arithmetical), BS (logarithmic) and DIN (logarithmic) speeds. 

















ASA/BS 


BS 
HGRTUNG (ARITHMETICAL) | (LOGARITHMIC) | (LOGARITHMIC) 


White-flame arc . 


Tungsten or 
tungsten-halogen . 


Pulsed-xenon arc* 


* These are relative meter settings only. Conventional photographic exposure meters do not respond 
properly to pulsed illumination and cannot be used for calculating exposures with this light-source. 


Examples of exposure: The following are examples of typical exposures 
under average working conditions with good-quality originals. However, 
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they should be used only as guides for trial exposures; the actual exposures 
may vary considerably according to the working conditions and the quality 
of the original. 

For same-size reproduction, with four 30-ampere arc lamps 3 feet 
from the centre of the copy, each at an angle of 45° to the camera-subject 
axis, the following exposures would be approximately correct: 


Line work : 30 seconds at f/32. 


With a ‘Kodak’ Gray Contact Screen: 30 seconds at f/16 plus a flash 
exposure which will vary according to nature of the original. 


With a cross-line screen (negative for photolithography) : Detail exposure of 
4 minutes at f/45; highlight exposure of 2 minutes at f/22; plus a flash 
exposure which will vary according to the type of lamp used and the 
nature of the original. 


Filters: The exposure factors given below can be only an approximate guide 
to the actual increase in exposure, as they depend on the composition of 
the lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book ““Kodak Wratten Filters.” 






KODAK ‘WRATTEN’ FILTER 







White-flame arc factor . 
Tungsten or tungsten-halogen factor . 


Pulsed-xenon arc factor 






Safelighting: Handle by the direct or indirect light from a safelamp fitted 
with a ‘Kodak’ Safelight Filter, ‘Wratten’ Series 1 (red) or Series 1A 
(light red) and a 25-watt bulb at no less than 4 feet (3 feet, for the Kodak 
‘Wratten’ Safelamp). 


Development: A developer of special type, ‘Kodalith’ Super Developer, 
must be used to obtain the extreme density and contrast of which these 
films are capable; ‘Kodalith’ Developer Powder and ‘Kodalith’ Liquid 
Developer may also be used. For line work involving fine detail, or when 
copying half-tone originals without re-screening, use ‘Kodalith’ Fine-Line 
Developer. When neither maximum contrast, maximum density, nor 
optimum dot-quality is required, use ‘Kodak’ D-11 Developer, available 
in powder form, or DPC developer, available in liquid form. 


When developed as recommended in a ‘Kodalith’ developer, the first 
appearance of the image is relatively slow (30-40 seconds), after which 
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the image remains at low contrast until about 70 per cent of the develop- 
ment time has elapsed, when density builds up rapidly. A dense black 
image will be formed, leaving the clear parts of the negative or positive 
free from veil and fog. 


Development should be undertaken, preferably, with a solution 
temperature of 20°C (68°F); in any case it should be used between 18° 
and 21°C (65° and 70°F). If higher temperatures are unavoidable, the 
use of ‘Kodalith’ Developer in conjunction with a restrainer made up 
according to Kodak formula SDR-1 is recommended to prevent the 
developing time from becoming inconveniently short. The formula of 
SDR-1, together with instructions for its use, may be found in Graphic 
Arts Leaflet GA-Ref-1. If the development time is extended much 
beyond that recommended the contrast will suffer. 


It is recommended that development, particularly of half-tone negatives 
or positives, be undertaken by inspection. This can be accomplished 
either by the use of a transparent dish with a safelamp beneath, or by the 
light of a safelamp suspended or held close to the dish. A safelamp in 
either of these positions should be fitted with a 15-watt bulb and should 
not be brought closer than 18 inches, nor should it be turned on and 
brought into use until development has proceeded for approximately 
13 minutes. 


Develop for the times given in the following table. 


DISH DEVELOPMENT TIME 


‘KODAK’ DEVELOPER (in minutes) AT 20°C (68°F)* 
AND —_ 
APPLICATION . Half-Tone Permissible 
Eins *iork Work Ranget 








For maximum contrast and 
optimum dot-quality 





‘Kodalith’ Super 23 23 23-45 
‘Kodalith’ 24 at 2-34 
‘Kodalith’ Liquid (1-43) . 23 22 2-4 
‘Kodalith’ Fine-Linet — 24-33 
For high contrast 
D-I1 = 2-3 
DPC (1 +3) — 2-4 
For general copying work 
DPC (1+9) _ 2-4 
* With continuous agitation, except when using For formula of D-| 1 see Data Sheet FY-2 
‘Kodalith’ Fine-Line Developer. or Graphic Arts Leaflet GA-Ref-|. 


tExtending the developing times will result in a lowering of dot-quality in half-tone work. 
£ Use the fine-line development technique as described in Graphic Arts Leaflet GA-Tech-8. 
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Sensitometric curves 


The data on which these 
curves are based are for the 
average product. For accu- 
rate scientific work, curves 
should be determined un- 
der the actual working 
conditions. 


Characteristic curves _ for 
‘Kodalith’ Ortho Films, Type 3, 
developed in ‘Kodalith’ Super 
Developer at 20°C (68°F) 0 1.0 2.0 3.0 4.0 


Relative Log Exposure 





Stop bath: After development, rinse the film for about 10 seconds at 
18°-21°C (65°-70°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, or in a solution made up according to Kodak formula SB-la 
(see Data Sheet FY-4 or Graphic Arts Leaflet GA-Ref-1). 


Fixing, washing, and drying: Fix the film at 18°-21°C (65°-70°F) in one of 
the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with or 
without hardener, according to whether or not a hardening fixer is re- 
quired), ‘Unifix’ Powder, or a solution made up according to Kodak 
formula F-24 (see Data Sheet FY-2 or Graphic Arts Leaflet GA-Ref-1). 


For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the film of all milkiness in the first bath, and drain 
back for 5 seconds. Then fix in the second bath for the same time as was 
needed in the first, and drain back for 5 seconds. Ifa single fixing bath is 
used, fix for twice the time taken to clear. Discard any fixing bath when it 
fails to clear the film in less than twice the time taken to clear in a fresh 
bath; then, when using the two-bath method, replace the first bath with the 
second bath, and make up a fresh second bath. Repeat this procedure 
until the first bath has been replaced four times, i.e., five sets of first and 
second baths have been used to their capacity. Then discard both baths 
and restart with a fresh pair of baths. 


To reduce the washing time, and to save water, use ‘Kodak’ Hypo- 
Clearing Agent (full instructions are packed with this chemical). Other- 
wise, wash the negative or positive in running water for 10 minutes at 
18°-21°C (65°-70°F) in a washing vessel which provides at least one 
complete change of water each 5 minutes. When permanence is a factor 
to be considered, wash the negative or positive for at least 20 minutes. 
At lower temperatures, or with less-efficient washing equipment, these 
times may have to be increased considerably. Full details of the pre- 
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cautions necessary to ensure archival permanence are given in Data 
Sheet RF-6. 

To obviate the risk of drying marks and to hasten drying, rinse the 
negative or positive for approximately 30 seconds in Kodak ‘Photo-Flo’ 
Solution, at the recommended dilution. Information about rapid 
drying is given in Data Sheet PR-11. 


Reduction and dot-etching: Reduction or clearing of line-work and the 
dot-etching of half-tone work is best undertaken in a solution made up 
according to Kodak formula R-14. Alternatively, the use of Farmer’s 
reducer (Kodak formula R-4a or R-4b), or an iodine-cyanide reducer is 
recommended. The formulae of R-14, R-4a, and R-4b, and instructions 
for their use, may be found in Data Sheet FY-5 or Graphic Arts Leaflet 
GA-Ref-1. 


The characteristics of the films given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
KODALITH 
ESTAR 
PHOTO-FLO 
UNIFIX 
WRATTEN 
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‘KODALITH’ PAN FILM (‘ESTAR’ BASE) 


General properties and uses: ‘Kodalith’ Pan Film (‘Estar’ Base) is a 
fast panchromatic film of extremely high contrast. It is designed for the 
making of line or direct colour-separation negatives or positives for photo- 
mechanical reproduction when high sensitivity and excellent dot quality 
are of paramount importance. It produces sharp half-tone dots suitable 
for dot-etching. 


This film is coated on ‘Estar’ polyester support approximately 0.004 
inch (0.10 mm) thick, having an anti-halation backing which clears during 
development. ‘Estar’ base provides very high resistance to tearing, and a 
very high degree of dimensional stability for a flexible film base (see 
Data Sheet RF-10). An additional advantage is that this base absorbs less 
water than cellulose acetate film bases during processing and, consequently, 
dries more rapidly. 


It is particularly important to ensure that the copy-board glass, the 
original, and the film, are free from dust, as the very high contrast of this 
film causes it to reproduce as pinholes or spots. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 





Log Sensitivity 








Wavelength (nm) 


The curves above show the variation of log sensitivity with wavelength 
for an exposure time of 15 seconds; the sensitivity is expressed as the 
reciprocal of ergs/cm?. The curves shown are for specified densities above 
gross fog, and apply when the material is processed as recommended in 
‘Kodalith’ Super Developer. 


Meter settings: The effective speed of the material depends on the 
conditions of use. However, the following meter settings should be used 
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as a guide for making trial exposures; the actual exposure may vary 
considerably according to the working conditions and the quality of the 
original. These meter settings apply when the camera is focused at 
infinity, and are suitable for exposure meters scaled in ASA/BS (arith- 
metical), or DIN (logarithmic) speeds. For same-size reproduction give 
four times the calculated exposure. 





METER SETTING 


ASA/BS DIN 
(arithmetical) (logarithmic) 


LIGHTING 





With no filter over the camera lens 





White-flamearc . . . . . 40 | 17 
Tungsten or tungsten-halogen 32 16 
Pulsed-xenon* . . 2. 2. 1. we 40 17 


For colour-separation work with a ‘Wratten’ 25 filter over the camera lens 


Wiite-flame ARG $00 Bey ew 8 10 
Tungsten or tungsten-halogen 10 I 
Pulsed-xenon* . . . 1. . we 8 10 





* These are relative meter settings only. Conventional photographic exposure meters do not respond 
properly to pulsed illumination and cannot be used for calculating exposures with this light-source. 


Example of exposure: The following is an example of a typical exposure 
under average working conditions with a good-quality original. However, 
it should be used only as a guide for trial exposures; the actual exposure 


may vary considerably according to the working conditions and the quality 
of the original. 


For same-size reproduction of a line original, with two 35-ampere arc 
lamps 4 feet from the centre of the copy, each at an angle of 45° to the 
camera-subject axis, expose for about 10 seconds at f/32 with a ‘Wratten’ 
25 filter over the camera lens. 


Filters: The filter ratios given below show the increased exposure 
necessary by comparison with the ‘Wratten’ 25 filter, which is taken as 
unity. These ratios are based on an exposure of 15 seconds, and are 
individually more helpful than filter factors as the film is not normally 
used unfiltered. It is necessary only to determine the exposure, under 
any particular set of conditions, for the 25 filter, and then to multiply this 





FILTER RATIOS RELATIVE TO THE ‘WRATTEN’ 25 FILTER 


Kodak ‘Wratten’ Filter BK) oe oe ss ee 
White-flame arc ratio. 0.5 1.0 3.0 3.0 
Tungsten or  tungsten- 
halogenratio . . . . 0.6 1.0 4.0 12.0 
Pulsed-xenon ratio. . 0.5 1.0 2.0 4.0 
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figure by the ratios for the other filters to obtain an approximation of the 
exposure which they will require. Further details of these and other 
filters can be found in the Data Sheets on specific filters and in the book 
“Kodak Wratten Filters”’. 


Safelighting: Total darkness is recommended for complete freedom 
from safelight fog. However, if indirect safelighting is customarily used 
for general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 


Development: A developer of special type, ‘Kodalith’ Super Developer, 
must be used to obtain the extreme density and contrast of which this film 
is capable; ‘Kodalith’ Developer Powder may also be used. Considerably 
higher emulsion speed, although with some loss of contrast, can be 
obtained by using ‘Kodak’ D-11 Developer. 


When developed as recommended in a ‘Kodalith’ developer, the first 
appearance of the image is relatively slow (30-40 seconds), after which the 
image remains at low contrast until about 70 per cent of the developing 
time has elapsed, when density builds up rapidly. A dense black image 
will be formed, leaving the clear parts of the negative or positive free from 
veil or fog. 


Development should be undertaken, preferably, with a solution 
temperature of 20°C (68°F); in any case it should be used between 18° 
and 21°C (64° and 70°F). If higher temperatures are unavoidable, the 
use of ‘Kodalith’ Developer in conjunction with a restrainer made up 
according to Kodak formula SDR-1 is recommended to prevent the 
developing time from becoming inconveniently short. The formula of 
SDR-1, together with instructions for its usc, may be found in Graphic 
Arts Leaflet GA-Ref-1 (available on application). If the developing 
time is extended much beyond that recommended, the contrast will suffer. 


Develop for the times given in the following table. 


DISH DEVELOPING TIME AT 
20°C (68°F)* 











‘KODAK’ 
DEVELOPER 
Optimum Time Permissible Ranget 
‘Kodalith’ Super 23 23-34 
‘Kodalith’ 24 2-3 
D-II. 24 2-3 
* With continuous agitation. For formula of D-11 see Data Sheet FY-2. 


t Extending the developing times will result in a 
lowering of dot-quality in half-tone work. 
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Characteristic curves 


The data on which these 
curves are based are for 
the average product. For 
accurate scientific work, 
curves should be deter- 
mined under the actual 
working conditions. 


Characteristic curves for 
‘Kodalith’ Pan Film developed 
in ‘Kodalith’ Super Developer 
at 20°C (68°F) 





1.0 2.0 3.0 4.0 
Relative Log Exposure 


0 


Stop bath: After development, rinse the film for about 10 seconds at 
18°-21°C (64°-70°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, in a solution made up according to Kodak formula SB-1a (see 
Data Sheet FY-4), or in running water. 


Fixing, washing, and drying: Fix the film at 18°-21°C (64°-70°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with or 
without hardener, according to whether or not a hardening fixer is re- 
quired), ‘Unifix’ Powder, or a solution made up according to Kodak 
formula F-24 (see Data Sheet FY-4). 


For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the film of all milkiness in the first bath, and drain 
back for 5 seconds. Then fix in the second bath for the same time as was 
needed in the first, and drain back for 5 seconds. Ifa single fixing bath is 
used, fix for twice the time taken to clear. Discard any fixing bath when it 
fails to clear the film in less than twice the time taken to clear in a fresh 
bath; then, when using the two-bath method, replace the first bath with the 
second bath, and make up a fresh second bath. Repeat this procedure 
until the first bath has been replaced four times, i.e., five sets of first and 
second baths have been used to their capacity. Then discard both baths 
and restart with a fresh pair of baths. 


To reduce the washing time, and to save water, use ‘Kodak’ Hypo- 
Clearing Agent (full instructions are packed with this chemical). Other- 
wise, wash the negative or positive in running water for 10 minutes at 
18°-21°C (64°-70°F) in a washing vessel which provides at least one 
complete change of water every 5 minutes. When permanence is a factor 
to be considered, wash the negative or positive for at least 20 minutes. 
At lower temperatures, or with less-efficient washing equipment, these 
times may have to be increased considerably. Full details of the pre- 
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cautions necessary to ensure archival permanence are given in Data 
Sheet RF-6. 


To obviate the risk of drying marks and to hasten drying, rinse the 
negative or positive for approximately 30 seconds in Kopak ‘Photo-Flo’ 
Solution, at the recommended dilution. Information about rapid 
drying is given in Data Sheet PR-11. 


Reduction and dot-etching: Reduction or clearing of line negatives and 
dot-etching of half-tone negatives is best undertaken in a solution made up 
according to Kodak formula R-14; alternatively, a solution made up 
according to Kodak formula R-4a or R-4b (Farmer’s Reducer), or an 
iodine-cyanide reducer may be used (for formulae see Data Sheet FY-5). 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
KODALITH 
ESTAR 
PHOTO-FLO 
UNIFIX 
WRATTEN 
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‘KODALINE’ STANDARD SHEET FILM 


General properties and uses: This film has a slow, non-colour-sensitized 
emulsion of high contrast. It is intended primarily for making contact 
positives from line originals, and negatives from copy of low contrast, 
such as pencil drawings. It is suitable for making line negatives in the 
camera, and is also recommended for the photomicrography of colourless 
biological and geological specimens containing fine detail. 

This film is coated on thin (0-005 inch) low-shrink, safety base, with 
an anti-halation backing which clears during development. 


Sensitization: Sensitive to ultra-violet and to blue light only. 


Speed and exposure: As this film is used only for copying or scientific 
work, in which the effective speed of the material depends upon the con- 
ditions of use, no speed figures of practical value can be given. 

Exposures should be determined by trial, but 7 seconds at f/45 is a 
rough guide to the exposure necessary for a same-size reproduction of a 
line original when using two 35-ampere arc lamps 4 feet from the centre 
of the copy, each at an angle of 45° to the camera-subject axis. 


Safelight filter recommended 


Indirect lighting: ‘Wratten’ Series 00 (yellow). 
Direct lighting: ‘Wratten’ Series OB (lime-yellow). 


Development: Any process developer may be used, but ‘Kodak’ DG-10 
Developer and Kodak formulae D-8 and D-11 are recommended, par- 
ticularly for high-contrast work. ‘Kodak’ DPC Developer and Kodak 
formula D-163 are recommended when lower contrast is required, for 
reproductions of engineering pencil drawings, etc., to produce negatives 
with low-density backgrounds and clear lines. 









PURPOSE DEVELOPER* | DILUTION | APFROCMATE | ee ovr 


AMMA 20°C (68°F) 


Maximum contrast D-8 2+1 455 2 min 
Very high contrast D-11 Undiluted 40 5 min 
High contrast DG-1I0 147 3-5 4 min 
D-163 143 28 2 min 
L trast 
ping ae { DPC 149 2:5 5 min 
* All available as a ‘Kodak’ Packed or Liquid Developer. For formulae see Data Sheet FY-2. 


Time-temperature curves: The developing times at various temper- 
atures for the recommended developers shown. Corresponding curves 
for other developing times at 20°C (68°F) can be drawn parallel to that 
shown for the particular developer concerned. Best results are obtained 
between 18° and 24°C (65° and 75°F), and development should not be 
undertaken at above 24°C (75°F), without special precautions (see Data 
Booklet GN-5). 
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Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 

Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed at 
a temperature of 18°-24°C (65°-75°F). The following ‘Kodak’ fixers are 
recommended—‘Unifix’ Powder, Acid Fixer Powder, AM-33 Rapid 
Liquid Fixer with or without AM-33H Hardening Additive, ‘Kodafix’ 
Solution, or a solution made up according to Kodak formula F-5 or F-24 
(see Data Sheet FY-4). The preferred practice is the use of two successive 
fixing baths. The film should be cleared of all milkiness in the first bath 
and drained back for 5 seconds. It should then be given, in the fresh 
second fixing bath, the same time as was required in the first, and drained 
back for 5 seconds. Ifa single fixing bath is used, the fixing time will be 
twice that needed for clearing. Any fixing bath should be discarded 
when it fails to clear in 10 minutes; then, when using the two-bath method, 
the first bath should be replaced with the second bath and a fresh second 
bath made up. After 5 such changes, both baths should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 16°-24°C (60°-75°F) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 6 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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‘KODAK’ PROCESS SHEET FILM 





General properties and uses: Process film has a comparatively slow, non- 
colour-sensitized high-contrast emulsion. It is intended for making line 
negatives from black-and-white sketches, drawings, documents, maps, 
etc.; large-scale display transparencies; and continuous-tone positives 
for the photogravure process. 


This film is coated on a base approximately 0-008 inch thick with an 
anti-halation backing which clears during development. 


Sensitization: Sensitive to ultra-violet and to blue light only :— 





36 18 40 42 44 46 48 50 S2 54 S6 SB 60 62 64 66 68 


uy Bue Greer | Reg 


Sensitivity Curve to Tungsten Light (3200°K) 


The apparent rapid fall in sensitivity shown at the left-hand end of this 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the film is used only for process work and positive- 
making, in which the speed of the material depends on the conditions 
under which it is used, no figures can be given and exposures with any 
given apparatus must be found by trial. 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series OB (lime-yellow). 


Development: Any process developer may be used but the following 
“Kodak’ developers are recommended :— 





DEVEL- MODE TIME AT 
DILUTION OF USE AGITATION 20 C (68 F) 


PURPOSE OPER 





Line work, etc., and 





display transparencies D-I1* | Undiluted Continuous 5 min 
Photogravure, etc., 

Positives [+1 Continuous 6 min 

fe Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 
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Sensitometric curves 
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Development Time (min) 


Density 


Relative Log. Exposure 0 1-0 20 3-0 4 


Characteristic curves for ‘Kodak’ Process film developed in D-11 
developer (undiluted) for 5 min at 20°C (68°F) 


So 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the 
actual working conditions. 


Time-temperature curves 


Temperature (°F) 





Time of Development (minutes) 


The developing times at various temperatures corresponding to 5 and 
6 minutes at 20°C (68°F) are shown. Corresponding curves for other 
developing times at 20°C (68°F) can be drawn parallel to those shown. 
Best results are obtained between 18° and 24°C (65° and 75°F), and 
development should not be undertaken at above 24°C (75 F) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ fixers 
are recommended—‘Unifix’ Powder, Acid Fixer Powder, AM-33 Rapid 
Liquid Fixer, with or without AM-33H Hardening Additive, ‘Kodafix’ 
Solution, or a solution made up according to Kodak formula F-5 or F-24 
(see Data Sheet FY-4). The preferred practice is the use of two 
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Temperature (°C) 


successive fixing baths. The film should be cleared of all milkiness in 
the first bath and drained back for 5 seconds. It should then be given, in 
the fresh second fixing bath, the same time as was required in the first, and 
drained back for 5 seconds. If a single fixing bath is used, the fixing 
time will be twice that needed for clearing. Any fixing bath should 
be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both baths 
should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements, the negative or positive should be washed in 
running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes in each of 
6 complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 


The negative or positive should then be dried in a dust-free atmosphere. 


Information concerning rapid drying may be found in Data Sheet 
PR-11. 


Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
UNIFIX 
KODAFIX 
PHOTO-FLO 
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‘KODAK’ COMMERCIAL ORTHO SHEET FILM 


General properties and uses: Commercial Ortho is a moderately fast, 
fine-grain, orthochromatic film of fairly vigorous contrast. It is recom- 
mended for all technical, commercial and record purposes where neither 
full panchromatic colour sensitivity nor highest speed is required. It is 
also suitable for copying monochrome originals and for metallography and 
photomicrography. It is coated on safety base carrying an anti-halation 
backing, which clears during development. 


Sensitization: Sensitive to ultra-violet, blue, and green :— 


Se oe ee eo ee ee 


Blue Green Blue Green 


ae Curve to rel ee o to Mean 
Light (3200°K) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 
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‘KODAK’ COMMERCIAL ORTHO SHEET FILM 


NEW SPEED FIGURES 


B.S./ASA (arith.) B.S. (log) DIN (log) 


























Tungsten 





Daylight | Tungsten | Daylight | Tungsten | Daylight 


16 


Daylight exposures: When processed in D-61a or D-76 developer, the 
following exposures are approximately correct during summer in tem- 
perate latitudes (and in the tropics all the year round). In winter the lens 
aperture should be opened by about one stop. Within two hours of 
sunrise or sunset the aperture should be opened by one or more stops 
further than the setting for the season. When using ‘Microdol’ 
Developer the aperture should be opened by about half a stop. 
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Weather 
Condition 


Brilliant Bright Average Shaded 


Exposure Subject Subject Subject Subject 


Bright sun . . 1/100th sec at f/lé fill f/8 f/5°6 


Hazy sun . . | 1/l00thsecat| ffl f8 f/5*6 f/4 
Cloudy-bright . | 1/l00thsecat | /8 f/5*6 fi4 f/2°8 
Cloudy-dull. . | 1/50th sec at | f/8 f/5*6 f/4 f/2:8 





Hazy sun is sufficient to cast a slight shadow of well-defined objects such 
as posts, tree trunks, etc., while cloudy-bright is not. 


Brilliant subjects: Coastal, marine and snow scenes, distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast, landscapes with 
foreground objects. 


Average subjects : Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Kodaflector’ 
reflectors in an average room or studio with light walls, the exposure will 
be approximately as given in the table below. No. 2 Photoflood lamps 
in ‘Kodalite’ reflectors require one stop less. 


Distance of Lamps from Subject (ft) 


\/l0th second at . . . . . ww. «| p45 | £4 | £73951 972-8] 72 | F714 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULB 


SHUTTER Class M Class FP 
SPEED en 
No. 5 
PF.S PF.38 | PF.60 PF.24 | PF.45 
PF.25 


Open flash and up to 
1/30th sec or 


45 
1/50th and 1/60th sec 40 
1/100th and I/I25th sec. 36 
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Example—Shutter speed of 1/25th second using a PF.60 flashbulb — 90 == 8 fe x f/I1, or 22 ft x f/4. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization at shutter speeds of |/25th second or shorter. 
May also be used with X-synchronization or F-synchronization at shutter speeds of 1/30th second 
or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization at shutter speeds of |/30th second or longer, and with X-syn- 
chronization or F-synchronization at shutter speeds of |/!5th second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 


Filters: The exposure factors given below show the relative exposures for 
the ‘Wratten’ filters quoted but they can be only an approximate guide to 
the actual increase in exposure as they depend upon the composition of 
the lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book “Wratten Light Filters”’. 


Kodak ‘Wratten’ Filters 8 (K2) 9 (K3) W(X1) 15 (G) 


Daylight factor . . 4 5 5 
Tungsten factor. . . . . . 25 3 4 





Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 2 
(dark red). 


Development: Any negative developer may be used, but the following 
Kodak developers are recommended. In the table below, the first- 
mentioned developer is the main recommendation. Irrespective of 
whether a dish or a tank is used, the time should be taken in accordance 
with the agitation employed :— 


Time at 68°F (20°C) 
to produce gamma of: 


Purpose Developer Dilution Agitation Se eo 
Approx. Approx. Approx. 
1-0 0-8 0-65 


Continuous | 74 min| 5 
Intermittentt | 13 min | 95 


Continuous 10 
ntermittentt 13 


Fine-grain | D-76* Undiluted { | 


Extra- Mi : ; Jf | Continuous 13 
fine-grain Gherodal=)Unduited ‘| Intermittentt 17 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
+ Thorough but brief agitation at one-minute intervals. 
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Sensitometric curves 
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Characteristic curves for Commercial Ortho sheet film 
in D-61a developer (diluted 1+1) at 68°F 


The data on which these curves are based are for the average product. 
For accurate scientific work curves should be determined under the actual 
working conditions. 
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The developing times at various temperatures corresponding to 5 and 
9 minutes at 68°F are shown. Corresponding curves for other develop- 
ment times at 68°F can be drawn parallel to those shown. Best results 
are obtained between 65° and 70°F and development should not be 
carried out above 75°F without special precautions (see Data Booklet 
GN-5). 


Fixing, washing, and drying: The film should be rinsed in running water 
and fixed at a temperature of 65°-70°F (18°-21°C) in a solution of 
‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or 
a fixing solution made up according to Kodak formula F-52 or F-54a 
(see Data Sheet FY-4). The preferred practice is to use two successive 
fixing baths. The film should be cleared of all milkiness in the first bath 
and drained back for 5 seconds. It should then be given in the fresh 
second fixing bath, the same time as was required in the first, and drained 
back for 5 seconds. Ifa single fixing bath is used the fixing time will 
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be twice that needed for clearing. Any fixing bath should be discarded 
when it fails to clear in 10 minutes; then, when using the two-bath 
method, the first bath should be replaced with the second bath and a 
fresh second bath made up. After 5 such changes, both baths should 
be discarded. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-70°F (16°-21°C) in an efficient washing 
vessel. Alternatively, they may be soaked for 5 minutes in each of 6 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
Where a low degree of permanence is acceptable, e.g., when the negative 
is required immediately but is not to be kept, the times may be reduced; 
under these circumstances only a brief rinse may be adequate. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The negative should then be dried in a 
dust-free atmosphere. 


The characteristics of the film given on this Data Sheet are intended only 
as a guide to the choice of a suitable material for a specific purpose. The 
data should not be assumed to be strictly quantitative: minor deviations 
may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODAFLECTOR 
KODALITE 
MICRODOL 
PHOTO-FLO 
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KODAK ‘INDUSTREX’ X-RAY FILM TYPE $ 


General purposes and uses: Type S Film is a general-purpose industrial 
X-ray film designed for use either with or without salt intensifying screens 
of the calcium tungstate or zinc sulphide type. When used with such 
screens it possesses the optimum combination of speed and contrast, and 
is recommended for the examination of ferrous welds and castings, and for 
gamma-radiography. 

When used without screens, this film has lower contrast than ‘Industrex’ 
X-ray Film Type D and is then recommended for the routine examination 
of light-alloy castings which vary considerably in thickness but which it is 
desired to record at one exposure. Type S Film may also be used with 
lead screens where medium contrast is required. 

This film is coated on blue safety base which is approximately 0-008 
inch thick. 


Speed: When exposed to direct X-rays of 80 kVp with the inherent tube 
filtration and a filter of 0-2 mm copper to represent the specimen, the 
relative speed is 17. The use of screens increases the effective speed by 
the following intensifying factors: ‘Kodak’ Ultra-Speed Intensifying 
Screens x 120; ‘Kodak’ High-Definition Intensifying Screens x 60. 
These figures only apply for X-rays generated at 100 kVp with the 
inherent tube filtration and when using a specimen equivalent to 5 mm 
of copper (see Data Sheet XR-1). 


Contrast: The high contrast obtainable when this film is used with salt 
intensifying screens results in high sensitivity for fault detection. Used 
without screens it has a lower contrast, and therefore wider latitude, than 
‘Industrex’ Film Type D. 


Safelight recommended: 
Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 5 minutes in ‘Kodak’ 
D.19b (undiluted), or for 4 minutes in ‘Kodak’ DX.80 Developer (made up 
as recommended), at 68° F (20° C) with intermittent agitation (thorough 
but brief agitation at one-minute intervals). 

‘Kodak’ D.19bR and DX.80R Replenisher, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential ‘Kodak’ DX.80R Replenisher 
should be used as a developer, for the times given on the label; alterna- 
tively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or, individually, in a spray rinse, 
and fixed at a temperature of 65°-70° F (18°-21° C) in a solution of ‘Kodak’ 
X-ray Acid Fixing Salt with Hardener, ‘Kodak’ X-Ray Rapid Acid Fixer 
Powder or a fixing solution made up according to Kodak formula F.54a. 
The preferred practice is to use two successive fixing baths. The film 
should be cleared of all milkiness in the first bath and drained back for 5 
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seconds. It should then be given, in the fresh second fixing bath, the 
same time as was required in the first, and drained back for 5 seconds. Ifa 
single fixing bath is used the fixing time will be twice that needed for clear- 
ing. Any fixing bath should be discarded when it fails to clear in 5 minutes; 
then, when using the two-bath method, the first bath should be replaced 
with the second bath and a fresh second bath made up. The use of 
‘Kodak’ X-ray Liquid Fixer FX.40 is recommended when radiographs are 
required very quickly; this may be used only to clear the film which may 
be re-fixed subsequently if it is required to be kept. 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at not less than 
50° F (10° C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


40 


Sensitometric curves 


The data on which these curves are 
based are for the average product. 30 
Because the film is normally only 
used under the conditions of 
development recommended, 
time-gamma curves are not given 
and should be determined, when 
required, under the actual work- 
ing conditions. 
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From left to right the curves are 
for exposure with Ultra-Speed 
Screens, High-Definition Screens, 
and without screens. 


Density 


0 10 20 30 40 
Relative Log. Exposure 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Industrex, and Photo-Flo are trade marks 
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KODAK ‘INDUSTREX’ X-RAY FILM TYPE D 





General purposes and uses: Type D Film is recommended for radio- 
graphy without salt screens, for radiography using lead screens and for 
X-ray crystallography. Type D Film maintains its speed and contrast 
over a wide range of radiographic conditions. The high contrast which 
this film yields, results in high sensitivity for fault detection and is valuable 
when gamma rays are used. Type D Film is specially suitable for 
lead-screen exposures of welds. 

This film is coated on blue safety base which is approximately 0-007 
inch thick. 


Relative speed: The speed of ‘Industrex’ X-ray Film, Type D, in 
relation to other ‘Kodak’ industrial X-ray films is given below. These 
determinations were made with direct X-radiation generated at 80 kVp 
and filtered by the inherent tube filtration and 0-2 mm of copper. 














Relative Speed Relative Speed 
















X-ray Film to Direct X-rays CENA to Direct X-rays 
‘Kodirex’ 400 ‘Crystallex’ 100 
‘Industrex’ 200 ‘Microtex’ 25 









Type D 






For further details see Data Sheet XR-I. 


Contrast: High. 


Safelight filter recommended 


Indirect lighting: ‘Wratten’ Series 6BR (light brown). 
Direct lighting: ‘Wratten’ Series 6B (brown). 


Development: The film should be developed for 4 minutes in ‘Kodak’ 
DX-80 Developer (available as a concentrated liquid and made up as 
recommended), or for 5 minutes in undiluted ‘Kodak’ D-19b Developer 
(available as a packed chemical: formula in Data Sheet FY-2) at a 
temperature of 68°F (20°C) with intermittent agitation (thorough agitation 
for 5 seconds at one-minute intervals). 

‘Kodak’ DX-80R and D-19bR Replenishers, respectively, are recom- 
mended for use with these developers. 

When high-speed processing is essential, ‘Kodak’ DX-80R Replenisher 
should be used as a developer, for the times given on the label; alter- 
natively, ‘Kodak’ Quick-Finish Developer may be used. 


Fixing, washing, and drying: Each film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in water, and fixed at a 
temperature of 65°-75°F (18°-24°C) in ‘Kodak’ FX-40 X-ray Liquid Fixer 
with HX-40 X-ray Liquid Hardener. The preferred practice is the use 
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of two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be given, 
in the fresh second fixing bath, the same time as was required in the first, 
and drained back for 5 seconds. If a single fixing bath is used the fixing 
time will be twice that needed for clearing. Any fixing bath should be 
discarded when it fails to clear in 5 minutes; then, when using the two- 
bath method, the first bath should be replaced with the second bath and 
a fresh second bath made up. After 5 such changes both baths should 
be discarded. 

Alternatively, the packed chemicals ‘Kodak’ X-ray Fixer Powder and 
‘Kodak’ Rapid Acid Fixer Powder may be used, or a solution made up 
according to Kodak formula F-5 (for formula see Data Sheet FY-4). 

For moderate-term storage requirements—up to approximately 10 
years—the radiograph should be washed for 10 minutes at 60°-75°F 
(16°-24°C), in running water which is being changed at a minimum rate 
of 4 changes per hour. Under the same conditions, radiographs which 
are required to be kept for longer storage periods should be washed for 
20 minutes. At lower temperatures, or with less efficient washing equip- 
ment, these times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., when the radiograph is to be 
kept for only a very short period, these times may be reduced; under 
these circumstances only a brief rinse may be adequate. Full details of 
the recommendations necessary to ensure permanence may be found in 
Data Sheet XR-5. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Industrex, Kodirex, Crystallex, Microtex, and Photo-Flo 
are trade marks 
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KODAK ‘ORTHO-ROYAL’ SHEET FILM 





General properties and uses: ‘Ortho-Royal’ is an extremely fast ortho- 
chromatic film of moderate contrast and wide exposure and development 
latitude. 

It is recommended for press photography, especially when inspection of 
negatives is considered essential; for medical work, when skin texture is 
important; for copying, when a high-speed material is necessary; for 
portraiture, especially of male subjects; and for all work when a very high 
speed material without full colour sensitivity is required. It is highly 
suitable for the recording of faint or fast-moving traces on blue or green 
fluorescent screens. 

‘Ortho-Royal’ Film is coated on safety base carrying an anti-halation 
backing which clears during development. 


Sensitization: Sensitive to ultra-violet, blue and green. 





the 
following exposures are approximately correct during summer in temper- 
ate latitudes (and in the tropics all the year round). In winter the lens 
aperture should be opened by about one stop. Within two hours of sun- 
rise or sunset the aperture should be opened by one or more stops further 
than the setting for the season. When using ‘Microdol’ Developer the 
aperture should be opened by about half a stop. 





Brilliant Bright Average Shaded 
Subject Subject Subject Subject 


Weather 


Condition Exposure 


Bright sun . 1/100th sec at f/45 f/32 f/22 f/l6 


Hazy sun. . 1/100th sec at f/32 f/22 f/16 F/M 
Cloudy-bright . 1/100th sec at f/22 f/l6 f/tl f/8 
Cloudy-dull . | 1/50th sec at f/22 f/l6 f/ll f/8 





Hazy sun is sufficient to cast a slight shadow of well-defined objects, 
such as posts, tree-trunks, etc., while cloudy-bright is not. 
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Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room or 
studio with light walls, the exposure will be approximately :— 


Distance of Lamps from Subject (ft) 


1/25th and 1/30th second at . 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/namber. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULB 
SHUTTER 


Class M oes Class FP 
SPEED 


No. 22 
PF. 60 | PF- 100 | PF. 24 | PF. 45 


Open flash and1/30th sec 460 | 112*| 156* 


1/100th and 1/125th sec 120 | 160 | 200 85 | 120 





* These figures are for a shutter speed of !/50th second. 


Example—Shutter speed of 1/125th second using a PF.14 flashbulb — 120 —53ft x f/22, or f/5°6 x 22ft. 


Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak and suitable for use with syn- 
chronized between-lens shutters with M-synchronization. May also be used with F-synchronization 
or X-synchronization at shutter speeds of |/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between- 
lens shutters with M-synchronization or F-synchronization at shutter speeds of 1/30th second or 
longer, and with X-synchronization at shutter speeds of I/I5th second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal- 
plane shutters. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
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increase in exposure, as this depends on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Wratten Light Filters”’. 


Kodak ‘Wratten’ Filters No. I! | No. 15 | nig. 47B | No. 58 


(X11) (G) 


Daylight factor . 
Tungsten factor 





Safelight recommended: Indirect lighting: ‘Wratten’ Series 2 (dark red). 


Development: This material should not be developed in DK.20 developer, 
nor in any other developer containing thiocyanate or thiosulphate; their 
use is likely to cause dichroic fog. Otherwise any negative developer may 
be used, but the following Kodak developers are recommended. _ Irre- 
spective of whether a dish or tank is used, the time should be taken in 
accordance with the agitation employed :— 


Time at 68 F (20 C) 
to produce gamma of : 
Purpose Developer Dilution Agitation 


approx 0.8 approx 0.65 


Continuous 6s min 4 min 
Intermittent} 17 min 9 min 
13 min I} min 
17 min 14 min 


Extra- ¢ i 13 min I} min 
fine-grain 17 min 14 min 


Normal 


Fine-grain 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 


+ Thorough but brief agitation at one-minute intervals. 


Fixing, washing and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed at 
a temperature of 65°-70° F (18°-21° C) in a solution of ‘Kodak’ Acid Fixing 
Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing solution made 
up according to Kodak formula F.52 or F.54a (for formulae see Data 
Sheet FY-4). The preferred practice is to use two successive fixing 
baths. The film should be cleared of all milkiness in the first bath and 
drained back for 5 seconds. It should then be given in the fresh second 
fixing bath, the same time as was required in the first, and drained back for 
5 seconds. Ifa single fixing bath is used the fixing time will be twice that 
needed for clearing. Any fixing bath should be discarded when it fails to 
clear in 10 minutes; then, when using the two-bath method, the first bath 
should be replaced with the second bath and a fresh second bath made up. 
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For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-70° F (16°-21° C) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 6 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When a 
low degree of permanence is acceptable, e.g., when the negative is required 
immediately, but is not to be kept, the times may be reduced; under these 
circumstances only a brief rinse may be adequate. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in the 
dilution recommended. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Ortho-Royal, Wratten, Microdol, Kodaflector, Kodalite 
and Photo-Flo are trade marks 
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KODAK ‘PLUS-X’ SHEET FILM 


General properties and uses: This is a fast film, of fine grain and moderate 
contrast, having a panchromatic sensitivity which is evenly balanced 
throughout the visible spectrum. These characteristics make this film 
ideal for all purposes in which the highest quality is required, but not the 
extreme speed of ‘Panchro-Royal’ Sheet Film. It has many uses in 
scientific, technical and industrial photography, as well as its more obvious 
uses in commercial photography and portraiture. 

It is coated on safety base carrying an anti-halation backing which clears 
during development. 





Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 
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uv. | Blue | Green | Red uv | Blue | Green | Red 

Sensitivity Curve to Tungsten Sensitivity Curve to Mean 

Light (3200°R) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed figures: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 


B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


160 33° 23 





Daylight exposures: The following exposures are approximately, correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for 
the season. 
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DAYLIGHT EXPOSURES AT 1/100th or 1/125th second 


Subject Bright or * Hazy Cloudy-bright Bee Chen shaee 
of 


Type Sun + 


Brilliant 
Bright . 
Average 
Shaded . 





* Hazy sun is sufficient to cast a slight shadow of well-defined objects, such as posts, tree-trunks, etc., 
while cloudy-bright is not. 


+ With side or back lighting, $ stop more exposure should be given. With back-lit close-up subjects 
containing important shadow detail, the exposure increase may amount to | stop, depending on the 
effect required. Reflectors and supplementary flash are frequently useful to illuminate the shadows. 


Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


++ 


Brilliant subjects : Coastal, marine, and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


NOTE: For subjects on light dry sand or snow, | stop less exposure should 
be given; for high-altitude snow scenes, 14 stops less. Use figures in 
table for snow scenes in winter in temperate latitudes. 


Tungsten-light exposures: The table opposite suggests approximate 
exposures for average subjects in a room or studio with a light ceiling, and 
light walls and furnishings. They are based on the use of two lamps, 
each being at the same distance from the subject and within 45° of the 
camera-subject axis. Exposures will vary to some extent according to 
the amount of light reflected from the ceiling, walls, and furnishings. 
This table, therefore, should be used as a basis for practical experiments; 
with combinations using other reflectors, the exposures will vary some- 
what according to the shape and surface of the reflectors used. 
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TUNGSTEN-LIGHT EXPOSURES AT 1/25th or 1/30th second 


Distance of lamps from subject (feet) at 


fi4 | fi4-5 | f/5-6 | f/6-3 | £/8 


Lighting 


Two No. | Photofloods in ‘Koda- 
flector’ reflectors 


Two No. 2 Photofloods in ‘Kodalite’ 
reflectors or two 275-watt reflec- 
tor Photofloods . 


Two 500-watt reflector Photofloods 


Two 500 watt (3200°K) ioeents 
in ‘Kodalite’ reflectors ; 





Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be 
divided by the selected flashbulb-subject distance (in feet) to obtain the 
recommended f/number. These guide numbers serve as a guide to the 
correct exposure, but should be used only as a basis for practical trial. 
Further information concerning the conditions of use may be found in 
Data Sheet RF-8. 


FLASHBULB 


oe s8 Class FP 


SHUTTER Class M 
SPEED Se 


No. | | No. 5 
No.22 
PF.L | PFS PF.60 PF.100 | PF.24 | PF.45 


Typel |Type5 


Open flash and up to |/30th second 450 

1/50th or 160th second . . . . 400* 
1/100th or 1'125th second . . . 360* 
1;200th or |. 250th second . . . 280* 





* With M-synchronization. 


Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 


Class § — a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of |/15th second or longer. 


Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. 
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Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book ‘‘Kodak Wratten Filters’. 


No.9 No. II No. 15 
(K3) (X1) (G) 


Kodak ‘Wratten’ Filters No. 25 





Daylight factor . 
Tungsten factor . 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in DK-20 developer, 
nor in any other developer containing thiocyanate or thiosulphate; their 
use is likely to cause dichroic fog. Otherwise, any negative developer may 
be used, but the following Kodak developers are recommended. When 
using ‘Microdol’ Developer, the exposure given should be } stop more 
than normal. Irrespective of whether a dish or a tank is used, the time 
should be taken in accordance with the agitation employed. 


Time at 68°F (20°C) 
to give gamma of: 
Purpose Developer Dilution Agitation §=|———_—_|_, 
approx. | approx. | approx. 
1-0 08 0-65 





1+ Continuous 104 min} 6 min 4 min 
Normal D-6la* { | + 3 Intermittentt+ 25° min{ Il min 7 min 


. * . Continuous = 13min 10 min 
Fi “99: -76* 
ine & ain D. 6 Undiluted { I i { 17° min 12 min 


Extra- ioe i : Continuous _— 17 min | 13 min 
fine-grain Microdol? ;Undituted Intermittentt _ 21 min | 17 min 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
t+ Thorough agitation for 5 seconds at one-minute intervals. 
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Sensitometric curves 
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Relative Log. Exposure 0 1-0 20 3-0 4: 


Characteristic curves for ‘Plus-X’ Sheet Film in D-76 developer (undiluted) at 
68°F (20°C). All time-gamma curves, except that for D-6la (141), are for 
intermittent agitation 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 
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The developing times at various temperatures corresponding to 10 and 
17 minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 70°F (18° and 21°C), and 
development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following are recom- 
mended—‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer 
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Powder, ‘Kodak’ AM-33 Rapid Liquid Fixer, with or without AM-33H 
Liquid Hardener, ‘Kodafix’ Solution, or a solution made up according to 
Kodak formula F-5 or F-24 (see Data Sheet FY-4). The preferred 
practice is to use two successive fixing baths. The film should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time as 
was required in the first, and drained back for 5 seconds. If a single 
fixing bath is used, the fixing time will be twice that needed for clearing. 
Any fixing bath should be discarded when it fails to clear in 10 minutes; 
then, when using the two-bath method, the first bath should be 
replaced with the second bath and a fresh second bath made up. 
After 5 such changes, both baths should be discarded. 

For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 com- 
plete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, and product names quoted thus—‘Wratten’—are trade marks 
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KODAK ‘PLUS-X’ PAN SHEET FILM 


General properties and uses: This is a fast film, of fine grain and moderate 
contrast, having a panchromatic sensitivity which is evenly balanced 
throughout the visible spectrum. ‘These characteristics make this film 
ideal fcr all purposes in which the highest quality is required, but not the 
extreme speed of ‘Panchro-Royal’ Sheet Film. It has many uses in 
scientific, technical, and industrial photography, as well as its more 
obvious uses in commercial photography and portraiture. 

It is coated on safety base carrying an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length. 
Sensitivity is defined as the reciprocal of the exposure (expressed in 
ergs/cm?) required to produce a specific density, above gross fog, when 
the material is processed as recommended in D-76 developer for 9 
minutes. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 









B.S. (LOGARITHMIC) 





B.S./ASA (ARITHMETICAL) DIN (LOGARITHMIC) 





32° 22 





125 
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Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for 
the season. 





SHUTTER SPEED—1/l00th or 1/125th second 









Subject Bright Sun* Hazy Sun* 


Type | (Strong shadows) ae 


Weak Hazy Sun | Cloudy-bright Cloudy-dull 
(Soft shadows) | (No shadows) Open Sha Ag 








Light to 
average f/l6 f/16 F/I! f/8 f/5-6 
Dark... f/\l f/ll f/8 f/5°6 f/4 








NOTE: For high-altitude snow scenes, taken without a filter, I+ stops less exposure should be given. 

* With side or back lighting, | stop more exposure should be given. With close-up back-lit subjects 
containing important shadow detail, the exposure increase should be I-2 stops, depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 

+ Subjects shaded from the sun and lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given opposite apply for 
average subjects in a room or studio with a light ceiling, and light walls 
and furnishings. They are based on the use of two lamps, each being 
at the same distance from the subject and within 45° of the camera- 
subject axis. The guide number should be divided by the selected 
lamp-subject distance (in feet) to obtain the recommended f1 number; 
conversely, the guide number should be divided by the selected {1 number 
to obtain the recommended lamp-subject distance. These recommenda- 





SHUTTER SPEED 


LIGHTING 1/8th 1/25th | 1/50th 


or 1/15th or or 
{/10th | second | 1/30th | 1/60th 
second second | second 











Two No. | Photofloods in ‘Kodaflector’ or other 


simple reflectors . . . 2. . 1... we. 59 36 25 18 
Two No. 2 Photofloods in ‘Kodalite’ reflectors, 

or two 275-watt Reflector Photofloods . . . 72 50 36 25 
Two 500-watt Reflector Photofloods . .. . 100 72 50 36 


Two 500-watt (3200 K) floodlamps in ‘Kodalite’ 


reflectors aa 64 45 32 22 








NOTE: These recommendations give minimum exposure: for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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tions give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used as a basis for practical 
experiments. 


Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be 
divided by the selected flashbulb-subject distance (in feet) to obtain the 
recommended f/number; conversely, the guide number should be 
divided by the selected f/number to obtain the recommended flashbulb- 
subject distance. These guide numbers serve as a guide to the correct 
exposure, but should be used only as a basis for practical trial. Further 
information concerning the conditions of use may be found in Data 
Sheet RF-8. 





SHUTTER SPEED 


FLASHBULB Open Flash| |/50th | 1/100th | 1/200th 
and up or or or 

to 1/30th | 1/60th | 1/125th | 1/250th 

second | second | second | second 


Class M 
*AG.|—2-inch polished reflector 5 180 160+ 140+ 10+ 
*No. |, PF.1, {2-inch polished reflector. . 110 100+ 90+ 724 
or Type |_—_\_4-inch satin-finish reflector . 140 125+ 110F 90+ 
No. 5, PF.5, or ag 5—4 to 5-inch satin- 
finish reflector . . 220 200+ 180+ 140+ 
No. 22 or PF.60—6to7-inch satin-finish 
reflector . . . . . , 400 360f 320+ 250+ 
Class S 
PF.100—6 to 7-inch satin-finish reflector. . 500 — — — 
Class FP 
PF.24—4 to 5-inch satin-finish reflector . . — 140 100 72 
PF.45—6 to 7-inch satin-finish reflector . . — 200 140 100 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 
t With M-synchronization. 


Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 


Class § — a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of I/15th second or longer. 


Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 
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Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters’. 












‘ , No. 8 No.9 | No. II 
KODAK ‘WRATTEN’ FILTERS (K2) (K3) (XI) 


2 2 4 
| | 













Daylight factor . 
Tungsten factor 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but the 
following Kodak developers are recommended. When using ‘Microdol-X’ 
Developer, the exposure given should be } stop more than normal. 

The developing times are given in the table for gammas of approxi- 
mately 0°55 and 0:7. The lower contrast level is intended for use with 
opal-lamp condenser enlargers, or for subjects which have average to high 
contrast. The higher level is more suitable for subjects of lower con- 
trast, or for enlargers with completely diffuse illumination. 









TIME AT 20°C (68°F) TO 
PRODUCE GAMMA OF: 


approx. 0-55 | approx. 0°7 


34 min 5 min 





PURPOSE | DEVELOPER | DILUTION USE 
















Disht 
Moninal Disa eh { Large tankt 5 min 7 min 
sake anc i ; J | Disht 45 min 7 min 
Fine-grain D-76* Undiluted {| Large tank+ 6 iii 9 min 
Extra-fine- | wy. , : Disht 7 min 8 min 
grain phevodat ys Updiuced { Large tankt 9 min Hl min 







* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
t With continuous agitation. 


+ Wich thorough agitation for 5 seconds at one-minute intervals. 
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Sensitometric curves 


CE eae eto 
Cee ee 


Development Time (min) 





Density — 


Relative Log. Exposure 0 10 20 3-0 40 


Characteristic curves for ‘Plus-X’ Pan Sheet Film developed in DK-50 developer 
(diluted 141) at 20°C (68°F) with intermittent agitation. All time-gamma curves 
are for intermittent agitation in a large tank 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 24°C 
(75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
Kodak Liquid Stop Bath with Indicator, a solution made up according to 
Kodak formula SB-1 (see Data Sheet FY-4), or in running water, and 
fixed at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ 
fixers are recommended—‘Kodafix’ Solution, AM-33 Rapid Liquid 
Fixer, with or without AM-33H Hardening Additive, ‘Unifix’ Powder, 
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Acid Fixer Powder, or a solution made up according to Kodak formula 
F-5 or F-24 (see Data Sheet FY-4). The preferred practice is the use of 
two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be 
given, in the fresh second fixing bath, the same time as was required in 
the first, and drained back for 5 seconds. If a single fixing bath is used, 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear the film in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with. 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 

For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal commercial requirements, the negative should be washed in 
running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes, with 
occasional agitation, in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo Clearing Agent should 
be used. Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negative should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, and product names quoted thus—‘Wratten’—are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-36 
TPFM-36/bxWP10963 


KODAK ‘SUPER-XX’ SHEET FILM 





General properties and uses: ‘Super-XX’ film is of very high speed and 
has sufficiently fine grain to permit a reasonable degree of enlargement. 
It is recommended particularly for artificial-light work and for press and 
technical record photography. Its scientific applications include those 
where speed is more important than high resolution, as in the photo- 
micrography of living biological specimens and certain types of clinical 
photography. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization : Sensitive to ultra-violet and to the visible spectrum :— 





36 38 40 42 44 46 48 SO S2 Sa S6 SB 60 62 64 66 48 36 3R 40 42 4446 48 50 52 S456 SA 60 62 Ad Ob OAR 


uv | Blue | Green | Red uv I Blue | Green | Rea 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (2848° K.) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Resolving power: 60 lines per millimetre when developed as recom- 
mended. This is a figure relating to the emulsion only; the actual 
figure obtained will depend largely upon other factors, such as the subject 
contrast and the ontical system used 





Daylight exposures: When processed in D.6la or D.76 developer, the 
following exposures are approximately correct during summer in temperate 
latitudes (and in the tropics all the year round). In winter the lens 
aperture should be opened by about one stop. Within two hours of sun- 
rise or sunset, the aperture should be opened by one or more stops further 
than the setting for the season. When using ‘Microdol’ developer the 
aperture should be increased by about half a stop. 
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Brilliant Bright Average Shaded 
Subject Subject Subject Subject 


Weather 


Condition Exposure 


- Bright sun . 1/50th sec. f/32 f/22 f/ 16 fil 


Hazy sun . . | 1/50th sec. f/22 f/16 f/U f/8 
Cloudy-bright . | 1/50th sec. filo fill f/8 f/5*6 
Cloudy-dull. 1/25th sec. f/16 fll f'8 f/5*6 





Hazy sun is sufficient to cast a slight shadow of well-defined objects, 
such as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects : Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room 
or studio with light walls, the exposure will be approximately :— 


Distance of Lamps from Subject (ft.) 


1/25th second at . fI8 | f/6°3 | f/56| £45] f/4 | f35 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULBS 


SHUTTER Class F Class M $ Class FP 
SPEEDS oe 


Me 22 | Pr.100 | PF.24 | PF.4S 


Open flash, 
1/25th and 
1/50 sec. . 


1/100th sec. . 
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Example—Shutter speed of |/25th second using a PF.60 flashbulb=315=20 ft. x f/16 or f/I1 x 29 ft. 


Class F—flashbulbs taking a time of 8-12 milliseconds to reach peak, and suitable for use with simple 
synchronized cameras or with between-lens shutters having F-synchronization. May also be used 
with X-synchronization at shutter speeds of |/25th second or longer. 


Class M—flashbulbs taking a time of 20-25 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization. May also be used with F-synchronization or X- 
synchronization at shutter speeds of 1/25th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization or F-synchronization at shutter speeds of |/25th second or longer, 
and with X-synchronization at shutter speeds of |/l0th second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 


Filters : Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the book ‘“‘Wratten 
Light Filters”’. 


‘Wratten’ Filters 


Daylight factor 
Tungsten factor 





Safelight recommended: Indirect lighting: ‘Wratten’ Series 3 (green). 


Development: Any negative developer may be used but the following 
Kodak developers are recommended. In the table below the first- 
mentioned developer is the main recommendation. Irrespective of 
whether a dish or a tank is used, the time should be taken in accordance 
with the agitation employed :— 


Time at 68° F. (20° C.) 
Purpose Developer Dilution Agitation to produce gamma of: 


approx.|-0 | approx.0-8 | approx. 0-65 


f 1+ Continuous 10 min. | 54 min. 

* 2 
Normal D.6la 1 143 Intermittentt| 19 min. | 11 min. 
Continuous — 13 min. 
Intermittentt 16 min. 


Fine-grain} D.76* Undiluted { 


Extra- | «microdol’* Undiluted { Continuous 13 min. 


fine-grain Intermittentt 16 min. 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
+ Thorough but brief agitation at one-minute intervals. 


When processing must be completed in the shortest possible time this 
film may be developed and fixed in solutions made up from ‘Kodak’ 
Quick-Finish Chemicals. The use of these chemicals allows the produc- 
tion of a negative within three minutes, and the rapidly produced negatives 
may be printed or enlarged while still wet. The following table shows 
the recommended development time and approximate clearing time for 
fresh solutions of these chemicals when used at 70° F. (21° C.), and with 
maximum agitation, in a dish. 
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Development Time 


(developer diluted | +1) Clearing Time (approx.) Total Processing Time 


50 seconds 110 seconds 160 seconds 





‘Kodak’ Quick-Finish Developer Powder and Quick-Finish Fixer are available as ‘Kodak’ packed chemicals. 


Sensitometric curves 


12 14 
Development Time (min) 





Relative Log. Exposure 0 10 20 30 4 
Characteristic curves for ‘Super-XX° sheet film in 
D.61a developer (diluted 1+1) at 68° F. 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 75 











PT AINE ETT 
eae 
Lee 


Temperature (°F) 


15 20 30 40 
Time of Development (minutes) 


The developing times at various temperatures corresponding to 54 and 8 
minutes at 68° F. are shown. Corresponding curves for other develop- 
ment times at 68° F. can be drawn parallel to those shown. Best results 
are obtained between 65° F. and 70° F. and development should not be 
carried out above 75° F. without special precautions (see Data Booklet 
GN-5). 


Fixing, washing and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Rath with Indicator or in running water, and fixed 
at a temperature of 65°—70° F. (18°—21° C.) in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing 
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solution made up according to Kodak formula F.54a. The preferred 
practice is to use two successive fixing baths. The film should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given in the fresh second fixing bath, the same time as was 
required in the first, and drained back for 5 seconds. If a single fixing 
bath is used the fixing time will be twice that needed for clearing. Any 
fixing bath should be discarded when it fails to clear in 10 minutes; 
then, when using the two-bath method, the first bath should be replaced 
with the second bath and a fresh second bath made up. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°—70° F. (16°—21° C.) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 8 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When a low degree of permanence is acceptable, e.g., when the negative 
is required immediately, but is not to be kept, the times may be 
reduced; under these circumstances only a brief rinse may be adequate. 

The risk of drying marks may be obviated, and drying assisted, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the proportion recommended. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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Product names quoted thus— 


‘KODAK’ 


—are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-37 


TP8727WP 11258 


KODAK ‘PANCHRO-ROYAL’ SHEET FILM 


General properties and uses: ‘Panchro-Royal’ is a very fast pan- 
chromatic film of moderate contrast, low graininess, and wide exposure 
and development latitude. Its colour sensitivity is evenly balanced 
throughout the spectrum and is free from any undue response to red. 
The speed of this film is double that of ‘Super-XX’ Sheet Film though it 
has a similar grain size and greater sharpness. 

‘Panchro-Royal’ Sheet Film is especially recommended for press photo- 
graphy and for commercial, industrial, or scientific work, either by day- 
light or artificial light, under difficult exposure conditions. It is particu- 
larly suitable for action photography of all types or when a very short 
exposure must be used. Other uses for which the high speed of this film 
renders it most suitable are clinical photography, photography of living 
biological specimens, and recording work with instruments using a fast- 
moving light spot. It is coated on safety base carrying an anti-halation 
backing which clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs/cm?) required to produce a specific 
density, above gross fog, when the material is processed as recommended 
in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. 


ASA/B.S. (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 
400 37° 27 
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Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, open the lens aperture by about 
one stop. Within two hours of sunrise or sunset, open the aperture 
by one or more stops further than the setting for the main part of the 
day. 





SHUTTER SPEED—1/400th or 1/500th second 


Bright or Hazy 
Subject Sun* Weak Hazy Sun | Cloudy-bright ee 
Type Sheds (Soft Shadows) (No Shadows) Open Shade 
Light to 
average . . f/16 fll f/8 [5-6 
Dark . . . fill f/8 f/5-6 f/4 





NOTE: For high-altitude snow scenes, taken without a filter, give 14 stops less exposure. 


* With side or back lighting, give | stop more exposure. With close-up back-lit subjects containing 
important shadow detail, the exposure increase should be |-2 stops depending on the effect required. 
Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun and lit by a large area of clear unobstructed sky give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given in the following 
table apply for average subjects in a room or studio with a light ceiling, 
and light walls and furnishings. They are based on the use of two 
lamps, each being at the same distance from the subject and within 45° 
of the camera-subject axis. To obtain the recommended f/number, 
divide the guide number by the selected lamp-subject distance (in feet); 
conversely, to obtain the recommended lamp-subject distance, divide 
the guide number by the selected f/number. These recommendations 





SHUTTER SPEED 
1/8th 1/25th | 1/SOth 











LIGHTING or 1/15th or or 
1/10th | second | 1/30th | |/60th 
second second | second 
Two No. | Photofloods in suitable reflectors . 90 64 45 32 
Two No. 2 Photofloods in suitable reflectors, or 
two 275-watt Reflector Photofloods ... . 125 90 64 45 
Two 500-watt Reflector Photofloods . .. . 180 125 90 64 
Two 500-watt ee Ce S) ane in 
suitable reflectors fe os 100 72 50 36 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. Therefore, use this table only as a basis for practical tests. 


Flashbulb exposures: Either blue or clear flashbulbs can be used. To 
obtain the recommended f/number for average subjects, divide the guide 
number by the selected flashbulb-subject distance (in feet); conversely, 
to obtain the recommended flashbulb-subject distance, divide the guide 
number by the selected f/number. For dark-coloured subjects, open the 
aperture by 4 stop; for light-coloured subjects, close the aperture by 





SHUTTER SPEED 


FLASHBULB Open Flash 1/50th 1/100th 1/200th 
AND REFLECTOR and up or or or 

to |/30th | /60th 1/125th 1/250th 

second second second second 


Class M—Blue 
*AG.IB—2-inch polished . . . . 280 250t 220+ 180+ 
*No. IBS f{2-inch polished . . . 200 180+ 160+ 125+ 

or PF.IB | 4-inch satin-finish . : 280 250+ 220+ 180+ 

Atlas Double-Lite Blue—4 to 5-inch 

satin-finsh . 2. 2. 2. 1. 2. 360 320+ 280+ 220} 

PF.60/97—6 to 7-inch satin-finish . 560 500+ 450+ 360} 

Class M—Clear 
*AG.|—2-inch polished . . . . . 
*No. |, PF.1, { 2-inch polished be ok 280 250+ 220+ 180+ 

or Type | \4-inch satin-finish . . 

No. 5, PF.5, or Type 5—4 to 5-inch 

satin-finsh . . 2. 2. 2. 2... 

No. 22 or PF.60—6 to 7-inch satin- 

finish secs sate. ects Ue Re SP 


400 360 320+ 250+ 
720 650f 560} 4507 





Class S—Blue 
PF.100/97—6 to 7-inch satin-finish . 720 _ — 
Class S—Clear 

PF.100—6 to 7-inch satin-finish . 


Class FP—Blue 


PF.24/97—4 to 5-inch satin-finish 140 100 
PF.45/97—6 to 7-inch satin-finish 200 140 
Class FP—Clear 

PF.24—4 to 5-inch satin-finish 180 125 
PF.45—6 to 7-inch satin-finish 250 180 





* If shallow, cylindrical, or fan-shaped reflectors are used, halve the guide numbers given in the table. 
+ With M-synchronization. 
Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 


shutters with M-synchronization at shutter speeds of !/50th second or shorter. May also be used 
with X-synchronization at shutter speeds of |/30th second or longer. 


Class S—flashbulbs taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |1/30th second or longer, and with X-synchro- 
nization at shutter speeds of 1/15th second or longer. 

Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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} stop. If the surroundings provide little or no reflected light, as in a 
large hall or studio, or out of doors, open the aperture by up to 2 stops. 
Conversely, for those subjects on to which a great deal of light is reflected, 
as in small rooms with walls of light tone, close the aperture by 1 stop. 
These guide numbers serve as a guide to the correct exposure, but should 
be used only as a basis for practical trial. Further information concerning 
the conditions of use may be found in Data Sheet RF-8. 


Electronic-flash exposures: Guide numbers should be obtained from 
the manufacturer of the equipment, or determined by trial. 


Filters: The exposure factors given below show the relative exposure 
for the filters quoted, but they can be only an approximate guide to the 
actual increase in exposure as they depend on the composition of the 
lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book “Kodak Wratten Filters”’. 









No. 25 | No. 29 |No. 47B] No. 58 


Daylight factor 2 


Tungsten factor 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Do not develop this film in any developer containing 
thiocyanate or thiosulphate; the use of either is likely to cause dichroic 
fog. Otherwise any negative developer can be used but the following 
‘Kodak’ developers are recommended. D-76 developer gives standard 
film speed with fine grain. ‘Microdol-X’ developer gives extra-fine 
grain: when using this developer, give } stop more exposure than normal. 
DK-50 developer gives medium grain and has long tank life. DPC is 
a general-purpose liquid developer. 


The developing times given in the table will produce a contrast level 
which corresponds with the requirements for printing with cold-cathode 
and other diffuse-light-source enlargers. If necessary, increase or decrease 
the contrast by increasing or decreasing the developing time, respectively. 
In known cases of under-exposure, especially with low-contrast subjects, 
extended development can be given. 
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PURPOSE DEVELOPER | DILUTION USE TIME AT 





20°C (68°F) 
Fine-grain D-76* Undiluted { ee tankt is ae 
Extra-fine- ‘Mi ’ . Disht 9 min 
grain Microdol-X’* Undiluted { Large tank+ It min 
é Disht 4 min 
Undiluted { Large tank} 5 min 
General 
1+ Disht 6 min 
Large tankt 8 min 
Disht 5 min 
General ee { Small tank** 10 min 
* Available in powder form. For formulae of DK-50 and D-76, see Data Sheet FY-2. 


t+ With continuous agitation. 

+ With thorough agitation for 5 seconds at one-minute intervals. 

§ Available in liquid form. 

**In small, daylight, sheet-film tanks, thorough agitation for 5 seconds at half-minute intervals. 


Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times can be drawn parallel to that shown for the particular developer 
concerned. Best results are obtained between 18° and 24°C (65° and 
75°F), and development should not be undertaken at above 24°C (75°F) 
without special precautions (see Data Booklet GN-5). 


Stop Bath: After development, rinse the film for about 10 seconds at 
18°-24°C (65°-75°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, a solution made up according to Kodak formula SB-1 (see 
Data Sheet FY-4), or in running water. 


Fixing, washing, and drying: Fix the film at 18°-24°C (65°-75°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with 
or without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 

For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the film of all milkiness in the first bath, and drain 


5 FM-38 


back for 5 seconds. Then fix in the second bath for the same time as 
was needed in the first, and drain back for 5 seconds. If a single fixing 
bath is used, fix for twice the time taken to clear. Discard any fixing 
bath when it fails to clear the film in less than twice the time taken to 
clear in a fresh bath; then, when using the two-bath method, replace 
the first bath with the second bath, and make up a fresh second bath. 
After 5 such changes, discard both baths. 

For rapid processing or when a low degree of permanence is acceptable, 
clear the film in the fixer and wash it briefly; fixing and washing must 
be completed later if a permanent record is required. 

For normal commercial requirements, wash the negative in running 
water for 30 minutes at 18°-24°C (65°-75°F) in a washing vessel which 
provides at least one complete change of water every 5 minutes. 
Alternatively, soak it for 5 minutes in each of 6 complete changes of water. 
At lower temperatures or with less-efficient washing equipment, these 
times may have to be increased considerably. When it is important 
to reduce the washing time, and to save water, use ‘Kodak’ Hypo-Clearing 
Agent and wash for 5 minutes (full instructions are packed with this 
chemical). Full details of the precautions necessary to ensure archival 
permanence are given in Data Sheet RF-6. 

To obviate the risk of drying marks and to hasten drying, rinse the 
negative for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, 
at the recommended dilution. Information about rapid drying is given 
in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, and product names quoted thus—‘Panchro-Royal’—are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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‘KODAK’ COMMERCIAL FINE-GRAIN FILM GF.3 
‘KODAK’ COMMERCIAL FINE-GRAIN FILM CF.8 
‘KODAK’ COMMERCIAL FINE-GRAIN 

MATT FILM CFM.8 





General properties and uses: These films all have an identical emulsion 
and differ only in the characteristics of the supports on to which they are 
coated. They are medium-speed, fine-grain, blue-sensitive films having 
an exceptionally long exposure scale and capable of giving a moderately 
high contrast. They are highly suitable for the making of photogravure 
negatives and positives, and duplicate negatives and positives, for general 
copying of monochrome originals, and for general photography when speed 
and colour sensitivity are unimportant. 

Commercial Fine-Grain Film CF.3 has a clear, safety base, approximately 
0-003 inch thick, with an anti-halation backing which clears during 
development. 

Commercial Fine-Grain Film CF.8 is as above, but the base is approxi- 
mately 0-008 inch thick. 

Commercial Fine-Grain Matt Film CFM.8 also has a safety base approxi- 
mately 0-008 inch thick and an anti-halation backing, but it is matted to 
facilitate retouching, and to eliminate Newton’s rings. 


Sensitization: Sensitive to ultra-violet and to blue light only :— 





36.38 40 4] 44 46 44 $0 $2 S4 56 SB OO 62 BF te» 


uv | Stue Crees Ree 
Sensitivity Curve to Tungsten Light (3200’ K) 
The apparent rapid fall in sensitivity shown at the left-hand end of the 


curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Exposure indices: These figures are suitable for use with exposure meters 
and calculators based on the British Standards Institution or the American 
Standards Association system (see Data Sheets RF-1] and SE-1). 


Exposure Indices Daylight Tungsten 





Logarithmic 24 17? 
Arithmetical ©. 2. 2. 2 7 2 ee ee 20 4 





Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors in an average room or 
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studio with light walls, the exposure will be approximately :— 


Distance of Lamps from Subject (ft) 


I/5th second at oe FiS6/f45] £4 | f3-2) 7:28) 622) f/2 





Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 1 
(red). 


Development: Any negative developer may be used, but the following 
Kodak developers are recommended. In the table below the first- 
mentioned developer is the main recommendation. Irrespective of 
whether a dish or a tank is used, the time should be taken in accordance 
with the agitation employed :— 


Time at 68°F (20°C) to 


Purpose Developer Dilution Agitation produce gamma of: 





Continuous 


( [+1 
* 
Neca! Del 1 [+3 Intermittentt] 5 min 


Continuous 


2 
Fine-grain D.76* |Undiluted ¢ A 
| Intermittentt 


Photo- 


: LL* i 
ivechanical D 14+2 Continuous 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
t+ Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 


10 12 14 16 18 20 
Development Time (min) 





Density 


Relative Log. Exposure 0 1-0 20 3-0 4 


c—} 


Characteristic curves for ‘Kodak’ Commercial Fine-Grain Films in D.61a 
developer, diluted 1 --- 1, at 68° F 


The data on which these curves are based are for the average product. 
For accurate scientific work curves should be determined under the actual 
working conditions. 
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Time-temperature curves 












NS 
FANS 
PN TESTI 
CENT PTT 


2 3 45 10 1S 20 30 40 
Time of Development (minutes) 


Temperature (°F) 


The developing times at various temperatures corresponding to 3 and 
6 minutes at 68° F are shown. Corresponding curves for other develop- 
ment times at 68° F can be drawn parallel to those shown. Best results 
are obtained between 65° F and 70° F and development should not be 
carried out above 75° F without special precautions (see Data Booklet 
GN-5). 


Fixing, washing and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at.a temperature of 65°-70° F (18°-21° C) in a solution of ‘Kodak’ Acid 
Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing solution 
made up according to Kodak formula F.54a. The preferred practice is to 
use two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be given in 
the fresh second fixing bath, the same time as was required in the first, and 
drained back for 5 seconds. If a single fixing bath is used the fixing time 
will be twice that needed for clearing. Any fixing bath should be discarded 
when it fails to clear in 10 minutes; then, when using the two-bath method, 
the first bath should be replaced with the second bath and a fresh second 
bath made up. 

For normal requirements the negatives should be washed in running 
water for 30 minutes at 60°-70° F (16°-21° C) in an efficient washing 
vessel. Alternatively, they may be soaked for 5 minutes in each of 6 
complete changes of water. At lower temperatures or with less efficient 
washing equipment the times may have to be increased considerably. 
When a low degree of permanence is acceptable, e.g., when the negative is 
required immediately, but is not to be kept, the times may be reduced; 
under these circumstances only a brief rinse may be adequate. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFLECTOR 
KODALITE 
WRATTEN 
PHOTO-FLO 


KODAK LIMITED LONDON 
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‘KODALITH’ TRANSPARENT STRIPPING FILM 


General properties and uses: ‘Kodalith’ Transparent Stripping Film has a 
slow, orthochromatic, high-contrast emulsion having precisely similar 
photographic characteristics to ‘Kodalith’ Ortho Sheet Film, and with ad- 
ditional stripping characteristics. It is designed for the making of screen 
or line negatives or positives in both photo-engraving and photolithography 
and may be used either in a camera or by contact. The dot quality 
produced in screen work is of an exceedingly high order, greater than that 
attainable with wet-plate material, and the orthochromatic sensitivity 
ensures better quality negatives from poor or yellowed originals. 


The emulsion of this material is carried on a tough, very thin, membrane 
which can be stripped dry or wet from the temporary base and transferred 
to a glass or other support, thus permitting lateral image reversal or other 
combination work. It is emphasised that when using this material, the 
copy-board glass, original, and the material itself should be quite free of 
dust. 


This film is coated on a base approximately 0-005 in. thick with an anti- 
halation backing which clears during development. 


It is available in a range of roll sizes and in this form is recommended 
for use in roll-film process cameras; it is also available in a range of sheet 
sizes. 


Sensitization: Sensitive to ultra-violet, blue and green :— 





36 38 40 42 44 46 48 50 $2 54 56 SB 60 62 64 66 68 
Uv. | Blue | Green | Red 


Sensitivity Curve to Tungsten Light (3200°R) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed and exposure: As the film is used only for process work, in which the 
speed of the material depends on the conditions under which it is used, no 
figures can be given and exposures with any given apparatus must be 
found by trial. As an approximate guide it has a similar speed to wet- 
plate emulsions when using enclosed arc-lamps and twice the speed when 
using open arc-lamps. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
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increase in exposure as this depends on the apparatus used. 


Kodak ‘Wratten’ Filters 8 (K2) 9 (K3) 11 (XI) 


Tungsten factor 


Open-arc factor 





Safelight recommended: Indirect or direct lighting: ‘Wratten’ Series 1A 
(medium red). 


Development: A developer of special type, ‘Kodalith’ Developer Powder 
must be used to obtain the extreme density and contrast of which this 
emulsion is capable. Alternatively, a developer made up according to 
Kodak formula D.85 may be used, but the contrast and dot quality will not 
be as high as that obtained when ‘Kodalith’ developer is used. When 
developed as recommended in either ‘Kodalith’ or D.85 developer, the first 
appearance of the image is relatively slow (30-40 seconds), after which the 
image remains of low contrast until about 70 per cent of the development 
time has elapsed, when density builds up rapidly. A dense black image 
will be formed, leaving the clear parts of the negative free from veil and fog. 


Development should be undertaken, preferably, with a solution tempera- 
ture of 68°F (20°C); in any case it should be used between 65° and 
70°F (18° and 21°C). If the development time is extended much beyond 
that recommended, the contrast will suffer. 


It is recommended that development, particularly of half-tone negatives 
or positives, be undertaken by inspection. This can be accomplished by 
the light of a safelight lamp suspended or held close to a white developing 
dish, or a white dish used as a water bath in which is supported a trans- 
parent developing dish. However, a safelight in this position should not 
be turned on and brought into use until development has proceeded for 
approximately 2 minutes. The times given in the table below are the 
recommended times of development :— 


Purpose Developer Dilution Agitation 


Time at 
68°F (20°C) 


Maximum | part A Continuous 24 min 
contrast ‘Kodalith’ + | part B 


Alternative D.85 * Undiluted Continuous 2 min 


Rendering of ‘Kodalith’ | part A 
fine lines + Fine-Line + | part B Controlled 24 min 





*For formula see Data Sheet FY-2. Freshly made D.85 should be allowed to stand, before use, for at 
least 2 hours. 


+ For full details refer to Data Sheet PH-2. 


These times may be varied within the range 2-2} minutes for ‘Kodalith’ 
developer, or 13-2} minutes for D.85 developer. 
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At the recommended temperature, half an inch of either ‘Kodalith’ or 
D.85 developer in a dish will last for 3-4 hours, while developer one inch 
deep will last for 7-8 hours. These figures are approximate and in any 
case are dependent on the amount of work passed through. 


Rinsing: The paper should be rinsed in a stop bath made up according to 
Kodak formula SB.la (for formula see Data Sheet FY-4). 


Fixing and washing: After the film has been rinsed in the stop bath it 
should be fixed, for ease of stripping, in an acid hardening-fixing bath. 
A solution of ‘Kodak’ Acid Fixing Salt with Hardener should be used for 
twice the time taken to clear (in all, about 5 minutes in a fresh bath). 
Alternatively, a solution made up according to Kodak formula F.54a 
may be used for the same time (for formula see Data Sheet FY-4). 

Five minutes’ washing in running water is sufficient for most purposes, 
but when permanence is a factor to be considered the film should be washed 
in running water in an efficient washing vessel for at least 15 minutes. 


Stripping: The two important points to observe in order to facilitate 
efficient results, whether the dry-stripping or wet-stripping technique is 
used, are (1) efficient fixing and hardening as recommended above, and (2) 
the use of glass which is mechanically and chemically clean. The use of 
very fine pumice powder is recommended for the cleaning of glass. 


Stripped-layer adhesive: The following is the formula of the adhesive 
which should be used to attach the stripped layer to the new support as 
directed below :— 


Metric Avoirdupois 
500 cc ste BC Waters 4544 atest: . . . 65 ounces 
8 grammes. . . . Gelatine . . . . . . . . | ounce 
8 cc . . . . . Engraver’s glue. . . . . . bounce 
16 cc . . . . . Acetic acid (glacial). . . . 2 ounces 


Dry stripping: The use of this technique has an advantage over wet 
stripping, described below, in that it results in a higher level of dimensional 
stability. After washing, the surface water should be removed from the 
film, which should then be hung to dry at normal room temperature. 
When the film is dry, the stripping layer will peel away from the base quite 
easily. A 15-second rinse in 3 per cent acetic acid should then be given 
before the stripped layer is transferred to its new support. 

If the transfer is to be direct, i.e., emulsion surface to the glass, an 
adhesive is not essential, but under certain conditions its use may be an 
advantage. A thin application of the adhesive to the edges, after the 
transfer has been effected without adhesive, will obviate any inclination to 
curl. When using this material for combination work, the use of the 
stripped-layer adhesive is desirable to ensure a more positive positioning 
of the inserts. 


After the stripped layer has been positioned on the glass, the surplus 
moisture should be blotted with a pad of clean ‘Fotonic’ Photographic 
(blotting) Paper, and the edges of the stripped layer should be coated with 
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the stripped-layer adhesive. Drying should not be assisted by heat for the 
first 5 minutes after blotting. 


Wet stripping: When washed, the film should be immersed in a dish of 
warm water, temperature 80°F (27°C) for 2 or 3 minutes. The stripping 
layer will then come away from the base and can be transferred to its new 
support. 


Reduction and intensification: After-treatment, which is seldom neces- 
sary, should be carried out after washing but before the film is stripped 
from its original support. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, and Kodalith are trade marks 
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KODALITH ‘AUTOSCREEN’ ORTHO FILM 


General properties and uses: This is a high-contrast orthochromatic film 
in the emulsion of which is incorporated, during manufacture, an image of 
a half-tone dot pattern. When the film is exposed to a normal continuous- 
tone subject, a dot pattern is produced automatically just as if a half-tone 
screen had been used in the camera in the conventional fashion. It is 
available only with a screen ruling of 133 lines per inch. 

This film can be exposed in any ordinary process or other camera 
equipped for use with sheet film, and by either tungsten or open-arc 
illumination. Its principal use is in the making of half-tone negatives 
from continuous-tone photographic prints for photolithography. Type 
matter can be exposed at the same time as pictures without loss of legibility. 
Half-tone negatives made on this film may be enlarged on to ‘Kodalith’ 
Ortho Film, Type 3, in order to obtain a suitable positive for screen- 
process (silk-screen) work. Another use is the production of half-tone 
positives from continuous-tone negatives, either by contact or projection. 

This film is capable of very detailed recording, and as all the image light 
reaches the film a higher effective speed results than is normal with a con- 
ventional screen-film combination. Much larger lens apertures can be 
used than are normally considered possible in half-tone work as no 
camera-extension: lens-aperture ratio needs to be considered; thus the 
lens may be used at its optimum aperture. 


It is coated on acetate safety base approximately 0-005 inch thick. 


Sensitization: Sensitive to ultra-violet, blue, and green :— 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation in log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs/cm?) required to produce a specific 
density, above gross fog, when the material is developed as recommended 
in ‘Kodalith’ Developer. 
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Speed: As this film is used only for process work in which the speed of the 
material depends on the conditions under which it is used, no figures can 
be given and exposures must be found by trial. 


Exposure: The following examples of the two exposures necessary—the 
detail exposure and the flash exposure—are given only as approximate 
guides. For an accurate determination of exposure and to avoid the 
necessity for re-making negatives, the ‘Kodak’ Graphic Arts Exposure 
Computer should be used. After a single test negative has been made, 
this computer enables the correct exposure to be estimated for any type of 
original, provided the other conditions remain constant. 


Detail exposure—this controls the size of the highlight dots which, because 
they are slightly veiled over, should be slightly larger than with conven- 
tional materials. Allowance should be made for the highlight density of 
the original, the lens aperture, the degree of magnification or reduction, 
and the lighting. Under average conditions, with an average original 
and using same-size reproduction, the exposure will be about 30 seconds 
at f 22 with two 500-watt or No. 2 Photoflood lamps in reflectors at a 
distance of 3 feet. If arc lamps are used, the exposure should be about 
20 seconds at f 32 using two 35-ampere white-flame arc lamps at 4 feet. 
Exposures shorter than 1 second should not be given. 


Flash exposure—this is a uniform fogging exposure, the purpose of which 
is to control the contrast, and the size of the shadow dots. A convenient 
method of giving this exposure is to hang a ‘Kodak’ Beehive Safelamp, 
fitted with a 25-watt bulb and a ‘Wratten’ Series OB safelight filter, at 4 
feet above the darkroom bench. Under these conditions an exposure of 
approximately 10 seconds will usually be required. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book ‘‘Kodak Wratten Filters’’. 





KODAK ‘WRATTEN’ FILTERS No. 8 (K2) | No. [5 (G) | No. 47B 
Tungsten factor It 24 32 
Open-arc factor (white-flame carbons) 2 5 12 





Safelighting: This film should be developed and handled by the direct or 
indirect light from a safelamp fitted with a ‘Wratten’ Series 1A (medium 
red) safelight filter and a 25-watt bulb, at a distance of not less than 
4 feet from the film. Under these conditions, the film should not be 
exposed to the safelight for longer than 3 minutes. 


Development: Preferably, this should be undertaken at 20°C (68°F) in 
fresh ‘Kodalith’ Developer (not ‘Kodalith’ Super, Fine-Line, or Liquid 
Developers) diluted 1 part of A and 1 part of B to 1 part of water. 
Immediately before the film is inserted, the developer should be agitated 
vigorously for a few seconds. When the film has been immersed it should 
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be agitated for 2 minutes and then allowed to remain perfectly still for 1 
further minute until it has been in the developer for a total time of 3 
minutes. Any movement of the film or developer during this still period 
may produce streaks. 

Development, which should be by inspection, should be undertaken in 
a glass or transparent plastic dish which can be held over a safelamp; 
alternatively, a white enamel dish may be used and the film examined by 
reflecting the light of a safelamp supported close to the edge of the dish. 
With either method, when the safelamp is used very close to the film, it 
should not be brought closer than 18 inches, nor should it be turned on 
and brought into use until development has proceeded for 1} minutes. 
The shadow dots when examined should appear rather larger than is 
normal in lithographic practice; the highlight dots should be slightly 
more open. 


Stop bath: In order to arrest development, to help to prevent any tendency 
to spots or streaks, and to prolong the life of the fixing bath, the film should 
be rinsed for approximately 10 seconds at 18°-24°C (65°-75°F) in a stop 
bath made up from ‘Kodak’ Liquid Stop Bath with Indicator. Alterna- 
tively, the film may be rinsed in a stop bath made up according to Kodak 
formula SB-la (see Data Sheet FY-4 or Graphic Arts Leaflet GA-14). 


Fixing, washing, and drying: The negative or positive should be fixed at 
a temperature of 18°-24°C (65°-75°F) in one of the following ‘Kodak’ 
fixers—‘Kodafix’ Solution, AM-33 Rapid Liquid Fixer, with or without 
AM-33H Hardening Additive, ‘Unifix’ Powder, or Acid Fixer Powder 
—for twice the time taken to clear. Alternatively, a solution made up 
according to Kodak formula F-5 or F-24 may be used for the same time 
(for formulae see Data Sheet FY-4 or Graphic Arts Leaflet GA-14). 

Ten minutes’ washing in running water at 18°-24°C (65°-75°F) is 
sufficient for most purposes. When permanence is a factor to be con- 
sidered the negative or positive should be washed in running water in an 
efficient washing vessel for at least 20 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at the 
dilution recommended. The negative or positive should then be dried 
in a dust-free atmosphere. 


Reduction and dot-etching: If the slight veiling of the highlights dots is 
objectionable, a very short clearing treatment may be given in a solution 
made up according to Kodak formula R-4a or R-14 (see Data Sheet FY-5 
or Graphic Arts Leaflet GA-14). However, this treatment must be 
compensated for in the original exposures. Reduction of an over- 
exposed negative or positive is also possible. 


The characteristics of the film given in this publication are intended only 
as a guide to the choice of a suitable material for a specific purpose. The 
data should not be assumed to be strictly quantitative: minor deviations 
may be found in individual cases owing to various causes. 
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The following product names appearing 
in this publication are trade marks 


KODAK 
KODAFIX 
KODALITH 
AUTOSCREEN 
PHOTO-FLO 
UNIFIX 
WRATTEN 
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‘KODALITH’ SUPER ORTHO FILM, S.0.F.5 


General properties and uses: Like ‘Kodalith’ Ortho Film, Type 3, this 
film also has an orthochromatic emulsion of extreme contrast and density, 
but it is slower, it produces dots of an even higher quality, and is even 
more suitable for dot-etching. It is designed for the making of line or 
half-tone negatives or positives, and may be used either in a camera or by 
contact. 

It is particularly important to ensure that the copy-board glass, the 
original, and the film are free from dust, as the very high contrast of this 
film causes it to reproduce as pinholes or spots. 

When handled under the conditions specified in Graphic Arts Leaflet 
GA/16 (available on application), this film is capable of giving excellent 
results from originals having particularly fine lines, or for copying half-tone 
originals without re-screening. 

It is coated on safety base, 0°005 inch thick, carrying an anti-halation 
backing which clears during development. 


Sensitization: Sensitive to ultra-violet, blue and green. 


Speed and exposure: As this film is used only for process work, in which 
the speed of the material depends on the conditions under which it is 
used, no figures can be given and the exposure with any given apparatus 
must be found by trial. As an approximate guide, it has a similar speed 
to wet-plate emulsions when using open arcs, and half the speed when 
using enclosed arcs. It has approximately one-tenth to one-twentieth the 
speed of B.4 Plates when using open arcs. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as this depends on the apparatus used. 


Kodak ‘Wratten’ Filters tt belt | 
Tungsten Factor AS ise 
Open-arc Factor . . . . . 12 





Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series 1A (medium red). 


Development: A developer of special type, ‘Kodalith’ Developer Powder, 
must be used to obtain the extreme density and contrast of which this film 
is capable. 

For bulk line-work ‘Kodalith’ Super-Line Developer is recommended, 
and for line-work involving fine detail or when copying half-tone originals 
without re-screening ‘Kodalith’ Fine-Line Developer should be used. 

When developed as recommended in ‘Kodalith’ developer, the first 
appearance of the image is relatively slow (30-40 seconds), after which the 
image remains of low contrast until about 70 per cent of the development 
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time has elapsed, when density builds up rapidly. A dense black image 
will be formed, leaving the clear parts of the negative or positive free from 
veil and fog. 

Development should be undertaken preferably with a solution temper- 
ature of 68°F (20°C); in any case it should be used between 65° and 70°F 
(18° and 21°C). If the development time is extended much beyond that 
recommended the contrast will suffer. 


It is recommended that development, particularly of half-tone negatives 
or positives, be undertaken by inspection. This can be accomplished 
either by the use of a transparent dish with a safelight beneath or by the 
light of a safelight suspended or held close to the dish. However, a 
safelight in either of these positions should not be turned on and brought 
into use until development has proceeded for approximately 1} minutes. 


The times given in the table below are the recommended times of 
development. 


DISH DEVELOPMENT TIMES AT 68°F (20°C) 
WITH CONTINUOUS* AGITATION 


Line Work Half-Tone Work 


Developer Optimum 
Dot 


Quality 


Permissible 
Ranget 


Maximum Permissible 
Contrast Range 


‘Kodalithy . 2. .. 2 min 24-3 min 2 min 2-33 min 
‘Kodalith’ Super-Line 23 min 2-3 min _ _ 
‘Kodalith’ Fine-Line. . 2g min 24-34 min _ _ 





* 


Except for the procedure used with ‘Kodalith’ Fine-Line Developer when the agitation is controlled. 
Extending the development times will result in a lowering of the dot quality. 


+ 


Stop bath: When development is complete, the film should be removed 
from the developer and immersed for about 10 seconds in a stop bath 
made up from ‘Kodak’ Liquid Stop Bath with Indicator. Alternatively, 
the film may be rinsed in a stop bath made up according to Kodak formula 
SB-1a (for formula see Data Sheet FY-4). 


Fixing, washing and drying: The film should be fixed in a solution of 
‘Kodak’ Acid Fixing Salt with Hardener, or ‘Kodak’ Acid Fixer Powder, 
for twice the time taken to clear. Alternatively, a solution made up ac- 
cording to Kodak formula F-52 or F-54a may be used for the same time 
(for formulae see Data Sheet FY-4). 


Ten minutes’ washing in running water is sufficient for most purposes. 
When permanence is a factor to be considered, the negative or positive 
should be washed in running water in an efficient washing vessel for at 
least 20 minutes. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution in 
the dilution recommended. The negative or positive should then be 
dried in a dust-free atmosphere. 


Reduction and dot-etching: Reduction or clearing of line negatives, and 
dot-etching of half-tone negatives is best undertaken in a solution made up 
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according to Kodak formula R-14, the formula and full instructions for 
which are given in Data Sheet FY-5. 


Intensification: This is not usually necessary, but if required may be 
undertaken by the use of a solution made up according to Kodak formula 
IN-1, IN-4, or IN-5 (for formulae see Data Sheet FY-5). 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
KODALITH 

PHOTO-FLO 


KODAK LIMITED LONDON 
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‘KODAK’ SEPARATION-NEGATIVE FILM, 
TYPE 2 (‘ESTAR’ BASE) 


General properties and uses: This film has a fine-grain, moderately fast 
panchromatic emulsion of high contrast. The emulsion surface is 
specially prepared for retouching. 

It is intended primarily for making colour-separation negatives for the 
positive-masking and camera-back masking methods. It can also be 
used for making continuous-tone positives from colour negatives. 

This film is coated on ‘Estar’ polyester support approximately 0-007 
inch thick having an anti-halation backing which clears during develop- 
ment. ‘Estar’ base provides very high resistance to tearing, and a very 
high degree of dimensional stability for a flexible film base. An addi- 
tional advantage is that this base absorbs less water during processing 
than cellulose ester film bases and, thus, dries more rapidly. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


IN 
|= 





16 38 40 42 44 46 48 SO 52 S4 S6 58 60 62 64 66 68 
I 
uv. | Blue | Green | Red 


Sensitivity Curve to Tungsten Light (3200 K) 


The apparent rapid fall in sensitivity shown at the left-hand end of 
the curve is a characteristic of the apparatus employed and does not give 
a true indication of the ultra-violet sensitivity of the material. 


Speed and exposure: The effective speed of the material depends on the 
conditions of use, so that no speed figures of any practical value can be 
given. The following is an example of a typical exposure under average 
working conditions with a good-quality original. However, it should be 
used only as a guide for making trial exposures; the actual exposure may 
vary considerably according to the working conditions and the quality of 
the original. For a same-size reproduction with two 35-ampere arc 
lamps 4 feet from the centre of the copy, and at an angle of 45° to the 
camera-subject axis, an exposure of 16 seconds at f/32 should be approxi- 
mately correct when using a Kodak ‘Wratten’ Filter No. 25 over the 
camera lens. 


Filters: The filter ratios given below show the increased exposure neces- 
sary by comparison with the Kodak ‘Wratten’ Filter No. 25, which is 
taken as unity. These ratios are individually more helpful than filter 
factors as the film is not normally used unfiltered. It is necessary only 
to determine the exposure required, under any particular set of conditions, 
for the No. 25 filter and then to multiply this figure by the ratios for the 
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other filters to obtain an approximation of the exposure which they will 
require. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book ‘““Kodak Wratten Filters’’. 


FILTER RATIOS RELATIVE TO THE KODAK ‘WRATTEN’ FILTER No. 25 





: . Very 
Kodak Yellow} Reddish Deep | Medium | Deep | Deep Deep 
‘Wratten’ | No. 8 | orange eon red |magenta| blue | blue oe eae green 
Filter (K2) | No. 23A} ""* “~| No. 29] No. 33 | No. 47) No. 47B No. 491 No. 61 


Tungsten 

ratio . .| 0:3 0-6 1-0 25 2°5 40 6-0 16-0 | 1-5 2°5 
Open-arc 

ratio (white- 

flame car- 

bons) . .| 0-2 0-6 1-0 2°5 1-2 0-5 06 1-5 1-0 1-5 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used 
for general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Time-temperature curves 
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Time of Development (minutes) 


The developing times corresponding to 4 and 8 minutes at 68°F (20°C) 
are shown. Corresponding curves for other developing times at 68°F 
(20 C) can be drawn parallel to those shown. Best results are obtained 
between 65° and 70'F (18 and 21°C), and development should not be 
undertaken at above 75 F (24 C) without special precautions (see Data 
Booklet GN-5). 
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Development: Any negative developer may be used, but Kodak formula 
DK-50 is recommended, particularly for colour-separation negatives, and 
D-11 when the contrast needs to be increased owing to a flat original. 
Irrespective of whether a dish or a tank is used, the time should be taken 
in accordance with the agitation employed. 





DEVELOPMENT FOR PHOTOMECHANICAL PROCESSES 







Time in minutes at 
68°F (20°C) 
Purpose Developer | Dilution Agitation §=|————_——_- 
Red | Green| Blue 
filter | filter | filter 
SEPARATION 
NEGATIVES 


For camera-back or 


magenta masking Undiluted | Continuoust 34 4 
For positive masking I+] Continuoust 4 5 
From masked colour . 

transparenciest I+] Continuoust 4 43 
From reflection copy? 142 Continuoust 34 4 
MAXIMUM CONTRAST Undiluted | Continuoust 8 8 


COLOUR-SEPARATION 
POSITIVES FROM I+1 Continuoust 4 44 
COLOUR NEGATIVES 


* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 

+ For intermittent agitation—thorough agitation for 5 seconds at one-minute intervals—the times 
should be increased by approximately 25 per cent. 

t Secondary recommendation. The use of ‘Kodak’ Separation-Negative Film, Type | (‘Estar’ Base), 
is preferable for these conditions owing to its lower contrast. 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following are recommended 
—‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, 
‘Kodak’ AM-33 Rapid Liquid Fixer, with or without AM-33H Hardening 
Additive, ‘Kodafix’ Solution, or a solution made up according to Kodak 
formula F-5 or F-24 (see Data Sheet FY-4). The preferred practice is 
the use of two successive fixing baths. The film should be cleared of 
all milkiness in the first bath and drained back for 5 seconds. It should 
then be given, in the fresh second fixing bath, the same time as was 
required in the first, and drained back for 5 seconds. If a single fixing 
bath is used, the fixing time will be twice that needed for clearing. Any 
fixing bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 
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For normal requirements the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing vessel. 
Alternatively, it may be soaked for 5 minutes in each of 6 complete changes 
of water. At lower temperatures, or with less efficient washing equip- 
ment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Kodafix, Estar, Photo-Flo, and Wratten are trade marks 
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‘KODAK’ SEPARATION-NEGATIVE FILM, 
TYPE 1 (‘ESTAR’ BASE) 





General properties and uses: This film has a fast, panchromatic emulsion 
of moderate contrast. It has evenly balanced colour sensitivity and an 
extremely long exposure scale. The emulsion surface is specially pre- 
pared for retouching. 

It is particularly intended for colour-separation work, especially where 
critical size-holding is important. It may also be used for the production 
of colour-correcting masks. 

This film is coated on ‘Estar’ polyester support approximately 0-007 
inch thick, having an anti-halation backing which clears during develop- 
ment. ‘Estar’ base provides very high resistance to tearing, and a very 
high degree of dimensional stability for a flexible film base. An additional 
advantage is that this base absorbs less water during processing than 
cellulose ester film bases and, thus, dries more rapidly. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





3638 40 42 44 46 48 SO 52 S4 56 SB 60 62 64 66 68 


uv. | Blue =| Green Red 


Sensitivity Curve to Tungsten Light (3200°R) 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Speed and exposure: The effective speed of the material depends on the 
conditions of use, so that no speed figures of practical value can be given. 
The following is an example of a typical exposure under average working 
conditions with a good-quality original. However, it should be used 
only as a guide for making trial exposures; the actual exposure may vary 
considerably according to the working conditions and the quality of the 
original. For a same-size reproduction with two 35-ampere arc lamps 
4 feet from the centre of the copy, and at an angle of 45° to the camera- 
subject axis, an exposure of 13 seconds at //32 should be approximately 
correct when using a Kodak ‘Wratten’ Filter No. 25 over the camera lens. 


Filters: The filter ratios given below show the increased exposure 
necessary by comparison with the Kodak ‘Wratten’ Filter No. 25, which 
is taken as unity. These ratios are individually more helpful than filter 
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factors as the film is not normally used unfiltered. It is necessary only to 
determine the exposure, under any particular set of conditions, for the 
No. 25 filter and then to multiply this figure by the ratios for the other 
filters to obtain an approximation of the exposure which they will require. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters or in the book ‘““Kodak Wratten Filters’’. 


FILTER RATIOS RELATIVE TO THE KODAK ‘WRATTEN’ FILTER NO. 25 


Kodak Yellow| Reddish Red Deep | Medium | Deep | Deep 
‘Wratten’ | No. 8 | orange No. 25 red |magenta| blue | blue 
Filter (K2) | No. BA 


Ver 

deep Green eae 
blue | No. 58] § 
No. 29] No. 33 | No. 47) No. 47B! \), “4g No. 61 


Tungsten 

ratio . .| 0:3 0-6 1-0 2°5 2°5 3-0 40 10:0 | 1-5 2:5 
Open-arc 

ratio (white 

flame car- 

bons) . .] 0:2 0-6 1-0 2:5 2:0 0-6 0:8 2-0 1-0 i) 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Time-temperature curves 
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The developing times corresponding to 3, 5, and 8 minutes at 68°F 
(20°C) are shown. Corresponding curves for other developing times at 
68°F (20'C) can be drawn parallel to those shown. Best results are 
obtained between 65° and 70°F (18 and 21 C), and development should 
not be undertaken at above 75 F (24°C) without special precautions (see 
Data Booklet GN-5). 
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Development: Any negative developer may be used, but ‘Kodak’ DG-10 
and DK-50 Developers are recommended particularly for colour- 
separation negatives, D-11 Developer when the contrast needs to be 
increased owing to a flat original, and ‘Kodak’ Soft-Gradation Developer 
or D-165 for colour-correcting masks. Irrespective of whether a dish or 
a tank is used, the time should be taken in accordance with the agitation 
employed. 





DEVELOPMENT FOR PHOTOMECHANICAL PROCESSES 


Time in minutes at 
68°F (20°C) 


Red | Green Blue 
filter | filter | filter 


Purpose Developer | Dilution Agitation 








SEPARATION 
NEGATIVES 
Continuous 44 44 54 
DK-50*| 141 { + | 4b | 5s 
From reflection cor} e Intermittentt) 53 53 63 
DG-1I0+ 1+10 Continuous 22 23 34 
From low-contrast s 2 
reflection copy DG-I0; 1+10 Continuous 33 32 6 
. Conti 5 4 6 
From masked a DK-50* Undiluted { interinecent 65 5 7s 
Speers oe DG-107} 1+10 Continuous 31 3 5 
From unmasked col- : Continuous 3 24 34 
our transparencies DieS0F I+] { Intermittentt| 32 23 4 
COR TRREE D-11* | Undiluted | Continuous | 8 | 8 | 8 
Soft-Gra- No. 33 or 58 filter 
COLOUR COR- dation* or 143 —— 7 a 
RECTING MASKS D-165 Continuous , 
DK-50 142 J 
* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 


+ Thorough agitation for 5 seconds at one-minute intervals. 
t+ Available as a ‘Kodak’ Liquid Developer. 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following are recom- 
mended—‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer 
Powder, ‘Kodak’ AM-33 Rapid Liquid Fixer, with or without AM-33H 
Hardening Additive, ‘Kodafix’ Solution, or a solution made up according 
to Kodak formula F-5 or F-24 (see Data Sheet FY-4). The preferred 
practice is the use of two successive fixing baths. The film should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time as 
was required in the first, and drained back for 5 seconds. If a single 
fixing bath is used, the fixing time will be twice that needed for clearing. 
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Any fixing bath should be discarded when it fails to clear in 10 minutes; 
then, when using the two-bath method, the first bath should be replaced 
with the second bath and a fresh second bath made up. After 5 such 
changes, both baths should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements, the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, it may be soaked for five minutes in each of 6 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Kodafix, Estar, Photo-Flo, and Wratten are trade marks 
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KODAK ‘ROYAL-X’ PAN SHEET FILM 





General properties and uses: This is an ultra-fast panchromatic film 
particularly recommended for situations or conditions in which the highest 
emulsion speed, at some sacrifice to grain, is essential, e.g., very high- 
speed recording, action work under existing lighting conditions at night or 
under poor lighting conditions at any time, interior photography under 
existing lighting conditions, or when the shortest possible exposure is 
necessary. It is very suitable for use with both electronic-flash units and 
flashbulbs. 

Because of the special characteristics of this film, the usual general 
recommendations for exposure and development are not adequate; to 
obtain from it the utmost advantage, the exposure and development must 
be fitted to the lighting conditions and the type of subject, as given in the 
recommendations below. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


ee 
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The apparent rapid fall in sensitivity shown at the left-hand end of 
each curve is a characteristic of the apparatus employed and does not 
give a true indication of the ultra-violet sensitivity of the material. 


Exposure meter settings: With normal development, the figures in the 
table overleaf are suitable for most applications, and make the fullest use 
of the speed’grain ratio and the definition of the film. The exposures 
obtained by their use will provide good negatives of subjects having an 
average scale of brightness, i.e., moderate-contrast subjects. 


With extended development, satisfactory negatives may be obtained 
from low-contrast subjects when these figures are modified to halve the 
exposure by doubling the arithmetical speed, or by adding 3 to the 
logarithmic speeds. 


These figures are suitable for use with exposure meters and calculators 
scaled in B.S.; ASA (arithmetical), B.S. (logarithmic), or DIN (logarithmic) 
speeds, and apply for exposure by either daylight or tungsten light (see 
Data Sheets RF-1 and SE-1). 
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B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


1250 42° 32 





Exposure guide: The exposures in the table below, which are recom- 
mended as a guide, are classified according to the development conditions 
to be used—whether normal or extended. The unit of illumination is 
foot-candles incident on the subject; this can be measured with some 
exposure meters. 























Average subject, 
Lighting conditions with normal 
development 


Low-contrast subject, 
with extended 
development 


EXISTING LIGHT 


Average factory or home in- 125th or 1/30th sec | [/25th or 1/30th sec 
teriors: 4-8 foot-candles . . at f/3°5 at f'4°5 
Indoor arenas. theatres, etc.: {100th or 1/125th sec 1/200th or 1/250th sec 
16-64 foot-candles. . . . . at f/4°5 at f/4°5 
Interiors of stores and well- 1 100th or 1/125th sec 1/100th or 1/125th sec 
litshops: 32-125 foot-candles . at f/5°6 at f/8 

1/100th or 1/125th sec 


Heavy overcast daylight : 1/100th or 1/125th sec 


125-500 foot-candles . at f/16 at f/22 
Bright sunlight: 5,000-10,000 1/400th or 1/500th sec 
foot-candles . Bac at f/32 





FLASHBULBS* 
No. 5, PF.5, or Type 5 flash- 
BUDS wit eg Si he ad wa 
PF.60 flashbulb . 


f/4-5 at 100 feet 
f/8 at 125 feet 


f/5°6 at 125 feet 
f/ll at 125 feet 


* Shutter, at 1/400th or 1/500th second, set to M-synchronization. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book ‘“‘Kodak Wratten Filters’. 









Kodak ‘Wratten’ Filters 





Daylight factor . 


Tungsten factor . 
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Safelighting: NONE—this film should be handled only in total darkness. 


Development: For the best results only ‘Kodak’ Professional Time- 
Standard Developer or a developer made up according to Kodak formula 
DK-50 should be used. Most other developers do not give the fullest 
emulsion speed, or they increase the fog, or both. Particularly, this film 
should not be developed in working solutions made from concentrated 
liquid developers, in DK-20 developer, nor in any other developer con- 
taining a silver-halide solvent, such as thiocyanate or thiosulphate, as their 
use is likely to cause dichroic fog. 

Only fresh solutions of one of the recommended developers should be 
used, as partially exhausted developer may cause dichroic fog. 

For exposures made with high-voltage, electronic-flash, studio units, it 
may be desirable to develop for 50 per cent longer than the times given 
below. This does not normally apply when the low-voltage, portable units 
are used. 





Development time at 
temperatures of: 








Developer Dilution Agitation 
68°F 72°F 75°F 
(20°C) | (22°C) | (24°C) 
NORMAL DEVELOPMENT 

Professional Time- 

Standard*. . . Undiluted | Continuous | 4 min 3 min | 24 min 

DK-50* Undiluted | Continuous | 5 min | 44 min | 4 min 

EXTENDED DEVELOPMENT 

Professional Time- 

Standard*. . . . Undiluted | Continuous | 7 min | 54 min | 43 min 

DK-50* Undiluted | Continuous | 8 min | 7 min | 6§ min 





* Available as ‘Kodak’ Packed Developer Powders. For formula see Data Sheet FY-2. 


Stop bath: An acid stop bath must be used to minimize the tendency to 
dichroic fog. The film should be rinsed in a solution of ‘Kodak’ Liquid 
Stop Bath with Indicator at a temperature of 65°-75°F (18°-24°C) for 30- 
60 seconds, with constant agitation. It should then be drained for 2-5 
seconds before immersing in the fixing bath. 
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Sensitometric curve 


The data on which this curve 4-0 
is based are for the average 
product. For accurate scien- 
tific work, curves should be 
determined under the actual 
working conditions. 3-0 


20 


Characteristic curve for ‘Royal 
X’ Pan Sheet Film developed 


= 
for 5 minutes in DK-50 de- 3 
veloper (undiluted) at 68°F 8 
(20°C) with continuous agita- 0 10 20 30 40 


tion. Relative Log. Exposure 


Fixing, washing, and drying: The film should be fixed at a temperature of 
65°-75°F (18°-24°C). The following are recommended—‘Kodak’ Acid 
Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, ‘Kodak’ AM-33 
Rapid Liquid Fixer, with or without AM-33H Hardening Additive, 
‘Kodafix’ Solution, or a solution made up according to Kodak formula 
F-5 or F-24 (see Data Sheet FY-4). The preferred practice is the use of 
two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be given, 
in the fresh second fixing bath, the same time as was required in the first, 
and drained back for 5 seconds. If a single fixing bath is used, the 
fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both baths 
should be discarded. 

For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 

For normal requirements, the negative should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 6 complete 
changes cf water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When the 
reduction of washing time or the saving of water is important, ‘Kodak’ 
Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 

The negative should then be dried in a dust-free atmosphere. 
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Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
ROYAL-X 
PHOTO-FLO 
KODAFIX 
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KODAK ‘TRI-X’ PAN ROLL FILM 


General properties and uses: ‘Tri-X’ Pan is an extremely fast panchro- 
matic film, of moderate contrast, having low graininess and a wide exposure 
latitude. Its colour sensitivity is evenly balanced throughout the spec- 
trum and is free from any undue response to red. 

The principal applications of this film include all those where it is 
necessary to expose by dim lighting or at very fast shutter speeds. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





Wave - length (my) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs/cm?) required to produce a specific 
density, above gross fog, when the material is processed as recommended 
in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA/’B.S. (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. These figures apply when this film is de- 
veloped in ‘Kodak’ D-76 Developer to a gamma of 0-7. For lower degrees 
of contrast, it may be necessary to increase the exposure by up to about 
3 stop. 








ASA/B.S. B.S. DIN 
(ARITHMETICAL) (LOGARITHMIC) (LOGARITHMIC) 
400 37° 27 
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Daylight exposures: The following exposures are approximately correct 
in spring, summer, and autumn in temperate latitudes, and in the tropics 
all the year round. In winter, the lens aperture should be opened by 
about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
main part of the day. 





SHUTTER SPEED - 1/400th or |/500th second 


Subject Sint Orin. Weak Hazy Sun| Cloudy-bright re 
Type Shadows) (Soft Shadows) (No Shadows) Open Shade 
Light to 
average . . f/16 fill f/8 f/5-6 
Dark. . . fill f/8 f/5-6 f/4 





NOTE: For high-altitude snow scenes, taken without a filter, 14 stops less exposure should be given. 

* With side or back lighting, | stop more exposure should be given. With close-up back-lit subjects 
containing important shadow detail, the exposure increase should be I-2 stops depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 

t Subjects shaded from the sun and lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given below apply for 
average subjects in a room or studio with a light ceiling, and light walls 
and furnishings. They are based on the use of two lamps, each being 
at the same distance from the subject and within 45° of the camera- 
subject axis. The guide number should be divided by the selected 
lamp-subject distance (in feet) to obtain the recommended f/number; 
conversely, the guide number should be divided by the selected f/number 
to obtain the recommended lamp-subject distance. These recommenda- 
tions give minimum exposure; for subjects of dark tone, the calculated 





SHUTTER SPEED 


LIGHTING 1/25th} 1/50th 
[1/15th or or 
second | 1/30th | 1/60th 
second second | second 
Two No. | Photofloods in suitable reflectors . 90 64 45 32 
Two No. 2 Photofloods in suitable reflectors, or 
two 275-watt Reflector Photofloods 90 64 45 


Two 500-watt Reflector Photofloods 125 90 64 
Two 500-watt pres eae 0 net in suit- 


able reflectors 72 50 36 


NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used as a basis for practical 
experiments. 


Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be 
divided by the selected flashbulb-subject distance (in feet) to obtain the 
recommended f/number; conversely, the guide number should be divided 
by the selected f/number to obtain the recommended flashbulb-subject 
distance. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


SHUTTER SPEED 


Open Flash} 1/50th | 1/100th | 1/200th 
and up or or or 
to 1/30th | 1/60th | 1/125th | 1/250th 
second | second | second | second 


FLASHBULB 


Class M 
*AG.|—2-inch polished reflector . 320 280¢ | 250+ 200+ 
*No. |, PF. I, 2-inch polished reflector 200 [80+ 160+ 125} 
or Type | 4-inch satin-finish reflector 250 220} | 200+ 160+ 


No. 5, PF.5, or TyRS 5—4 to 5-inch satin- 


finish reflector . 400 360t | 3207 250+ 


No. 22 or PF.60—6 to 7-inch satin-finish 


reflector 720 640¢ | 5é60t 450t 


Class S 


PF.100—6 to 7-inch satin-finish reflector 900 _ —_ _ 


Class FP 
PF.24—4 to 5-inch satin-finish reflector — 250 180 125 
PF.45—6 to 7-inch satin-finish reflector _ 360 250 180 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 

be halved. 

+ With M-synchronization. 

Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 

Class § —a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchroni- 
zation or F-synchronization at shutter speeds of I/I5th second or longer. 

Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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Electronic-flash exposures: Guide numbers should be obtained from 
the manufacturer of the equipment or determined by trial. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters”’. 





KODAK ‘WRATTEN’ No. 8 | No. II }| No. 15 No. 25 
FILTERS (K2) (Xl) (G) , 
Daylight factor 2 4 23 
Tungsten factor I$ 3 Ik 5 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must not 
be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at 
a minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but the 
following ‘Kodak’ developers are recommended. D-76 developer gives 


TIME TO PRODUCE 


DILUTION AND | GAMMA OF: 
TEMPERATURE aos lar 
0-55 0:7 


PUR- 
POSE DEVELOPER 


Undiluted at Small tankt 6 min 8 min 

Fine- 20°C (68°F) Large tank§ 7 min 9 min 
Brain a 6 Small tankt 8 min 11 min 
Lah ae ee S68 F){ Large tank§ 9 min 13 min 

Extra- Undiluted at Small tankt 8 min I} min 
fine- |‘Microdol-X’* 20°C (68°F) Large tank§ 9 min 13 min 


grain 143+ at 24°C (75 F) | Smalltankt | 12min | 15 min 








* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 
+ Use once only. 


$ In small, daylight, spiral-reel or apron tanks, thorough agitation for 5 seconds at half-minute intervals. 
This category includes daylight tanks which accommodate two or three films at a time. 


§ In 3-gallon tanks with film on spiral reels in a processing basket, or in deep tanks, thorough agitation 
for 5 seconds at one-minute intervals. 


NOTE: For continuous agitation the times given should be decreased by about 20 per cent. 
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standard film speed with fine grain: whenever possible, this developer 
should be used diluted 1+1 to permit closer control of contrast. 
‘Microdol-X’ developer gives extra-fine grain and may be used diluted 
1+3, when it gives improved definition, but this dilution should be used 
only between 21° and 24°C (70° and 75°F): when using ‘Microdol-X’ 
developer, the exposure given should be 4 stop more than normal. 

The developing times are given in the table for gammas of approxi- 
mately 0°55 and 0-7. The lower contrast level is intended for use with 
opal-lamp condenser enlargers, or for subjects which have average to 
high contrast. The higher level is more suitable for subjects of lower 
contrast, or for enlargers with completely diffuse illumination. 


Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing times 
at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 
24°C (75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, a solution made up according 
to Kodak formula SB-1 (see Data Sheet FY-4), or in running water, and 
fixed at a temperature of 18°-24°C (65°-75°F). The following ‘Kodak’ 
fixers are recommended—‘Kodafix’ Solution, AM-33 Rapid Liquid Fixer, 
with or without AM-33H Hardening Additive, ‘Unifix’ Powder, Acid 
Fixer Powder, or a solution made up according to Kodak formula F-5 or 
F-24 (see Data Sheet FY-4). The preferred practice is the use of two 
successive fixing baths. The film should be cleared of all milkiness in 
the first bath and drained back for 5 seconds. It should then be given, 
in the fresh second fixing bath, the same time as was required in the first, 
and drained back for 5 seconds. Ifa single fixing bath is used, the fixing 
time will be twice that needed for clearing. Any fixing bath should be 
discarded when it fails to clear the film in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both 
baths should be discarded. 
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For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal commercial requirements the negatives should be washed 
in running water for 30 minutes at 18°-24°C (65°-75°F) in an efficient 
washing vessel. Alternatively, they may be soaked for 5 minutes in each 
of 6 complete changes of water. At lower temperatures, or with less 
efficient washing equipment, the times may have to be increased con- 
siderably. When the reduction of washing time or the saving of water 
is important, ‘Kodak’ Hypo-Clearing Agent should be used. Full details 
of the recommendations necessary to ensure archival permanence may be 
found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negatives should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


y 


Kodak, and product names quoted thus—‘Wratten’—are trade marks 
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KODAK ‘TRI-X’ PAN PROFESSIONAL ROLL FILM 


General properties and uses: This is an extremely fast panchromatic 
film, of moderate contrast, having low graininess and wide exposure 
latitude. Its colour sensitivity is evenly balanced throughout the spectrum 
and is free from any undue response to red. 

The principal applications of this film include all those where it is 
necessary to expose by dim lighting or at very fast shutter speeds (e.g., 
press photography), and it is intended for use in all circumstances when 
speed in processing is important. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





Wave- length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the recip- 
rocal of the exposure (expressed in ergs/cm’) required to produce a 
specific density, above gross fog, when the material is processed as 
recommended in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. These figures apply when this film is 
developed in ‘Kodak’ D-76 Developer to a gamma of 0-7. For lower 
degrees of contrast, it may be necessary to increase the exposure by up 
to about } stop. 


ASA/B.S. 
(ARITHMETICAL) 









B.S. 
(LOGARITHMIC) 


DIN 
(LOGARITHMIC) 






400 37° 27 
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Daylight exposures: The following exposures are approximately correct 
in spring, summer, and autumn in temperate latitudes, and in the tropics 
all the year round. In winter, the lens aperture should be opened by 
about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
main part of the day. 





SHUTTER SPEED—!/400th or 1|/500th second 









Bright or Hazy Cloudy-dull 











Subject Sun* Weak Hazy Sun | Cloudy-bright ort 
Type (Distinct (Soft Shadows) (No Shadows) 
Shadows) Open Shade 
Light to 
average f/l6 fill f/8 f/5°6 
Dark f/\l f/8 f[S-6 f/4 





NOTE: For high-altitude snow scenes, taken without a filter, 13 stops less exposure should be given. 

* With side or back lighting, | stop more exposure should be given. With close-up back-lit subjects 
containing important shadow detail, the exposure increase should be I-2 stops depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 

+ Subjects shaded from the sun and lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given below apply for 
average subjects in a room or studio with a light ceiling, and light walls 
and furnishings. They are based on the use of two lamps, each being 
at the same distance from the subject and within 45° of the camera- 
subject axis. The guide number should be divided by the selected 
lamp-subject distance (in feet) to obtain the recommended f/number; 
conversely, the guide number should be divided by the selected f: number 
to obtain the recommended lamp-subject distance. These recommenda- 
tions give minimum exposure; for subjects of dark tone, the calculated 





SHUTTER SPEED 

















HSHiNG |/8th 1/25th | 1/50th 
or 1/15th or or 
1/10th | second | 1/30th | 1/60th 
second second | second 
Two No. | Photofloods in suitable reflectors . 90 64 45 32 
Two No. 2 Photofloods in suitable reflectors, or 
two 275-watt Reflector Photofloods . .. . 125 90 64 45 
Two 500-watt Reflector Photofloods 180 125 90 64 
Two 500-watt Photopearl! (3200 K) lamps in suit- 
able reflectors . . . . 2...) ee 100 72 50 36 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used as a basis for practical 
experiments. 


Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by 
the selected flashbulb-subject distance (in feet) to obtain the recommended 
f/mumber; conversely, the guide number should be divided by the 
selected f/number to obtain the recommended flashbulb-subject distance. 
These guide numbers serve as a guide to the correct exposure, but should 
be used only as a basis for practical trial. Further information concern- 
ing the conditions of use may be found in Data Sheet RF-8. 





SHUTTER SPEED 


FLASHBULB Open Flash | |/50th | 1/100th | 1/200th 
and up or or or 

to 1/30th | 1/60th | 1/125th | 1/250th 

second second | second | second 


Class M 
*AG.!—2-inch polished reflector . . : 320 280} 250+ 200+ 
*No. |, PF.I, {2-inch polished reflector . 200 180+ 160+ 125t 
or Type | 4-inch satin-finish reflector . 250 220t 200+ 1607 
No. 5, PF.5, or Type 5—4 to 5-inch satin- 
finish reflector . . 400 360+ 320t 250t 
No. 22 or PF.60—6 to 7-inch satin-finish 
reflector... 720 640+ 560t 450+ 
Class $ : 
PF.100—6 to 7-inch satin-finish reflector . 900 — _— _ 
Class FP 
PF.24—4 to 5-inch satin-finish reflector . _— 250 180 125 
PF.45—6 to 7-inch satin-finish reflector . —_ 360 250 180 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 

be halved. 

+ With M-synchronization. 

Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 

Class S — a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of I/I5th second or longer. 

Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 


Filters: The exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “‘Kodak Wratten Filters”. 





KODAK ‘WRATTEN’ FILTERS Mea) Nx). Nee No. 25 
Daylight factor . 2 4 24 8 
Tungsten factor . . . . 1... I$ 3 Pa 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, 
at a minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but the 
following ‘Kodak’ developers are recommended. D-76 developer gives 


TIME TO PRODUCE 


DILUTION AND GAMMA OF: 


DEVELOPER |  TemPERATURE 


approx. approx. 
0-55 7 


Undiluted at Small tankt 6 min 8 min 
20°C (68°F) 


Large tank§ 7 min 9 min 


- Small tank} 8 min [1 min 
Pet joa 2000168 Pi Large tank§ 9 min 13 min 


Undiluted at =f | Small tank} 8 min I] min 
20°C (68°F) \| Large tank§ 9 min 13 min 


143 at24°C (75°F) | Small tankt 12 min 15 min 
14+19fat 20 C (68 F) | Small tankt 34 min 6 min 





* Available as a ‘Kodak’ Packed Developer. For formula see Data Sheet FY-2. 
t+ Use once only. 


$ In small, daylight, spiral-reel or apron tanks, thorough agitation for 5 seconds at half-minute intervals. 
This category includes daylight tanks which accommodate two or three films at a time. 


§ In 3-gallon tanks with film on spiral reels in a processing basket, or in deep tanks, thorough agitation 
for 5 seconds at one-minute intervals. 


NOTE: For continuous agitation the times given should be decreased by about 20 per cent. 
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standard film speed with fine grain: whenever possible, this developer 
should be used diluted 1+1 to permit closer control of contrast. 
‘Microdol-X’ developer gives extra-fine grain and may be used diluted 
1+-3, when it gives improved definition, but this dilution should be used 
only between 21° and 24°C (70° and 75°F): when using ‘Microdol-X’ 
developer, the exposure given should be } stop more than normal. 


The developing times are given in the table for gammas of approxi- 
mately 0°55 and 0-7. The lower contrast level is intended for use with 
opal-lamp condenser enlargers, or for subjects which have average to 
high contrast. The higher level is more suitable for subjects of lower 
contrast, or for enlargers with completely diffuse illumination. 


Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 
24°C (75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, a solution made up according 
to Kodak formula SB-1 (see Data Sheet FY-4), or in running water, and 
fixed at a temperature of 18°-24°C (65°-75°F). The following ‘Kodak’ 
fixers are recommended—‘Kodafix’ Solution, AM-33 Rapid Liquid 
Fixer, with or without AM-33H Hardening Additive, ‘Unifix’ Powder, 
Acid Fixer Powder, or a solution made up according to Kodak formula 
F-5 or F-24 (see Data Sheet FY-4). The preferred practice is the use 
of two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be given, 
in the fresh second fixing bath, the same time as was required in the first, 
and drained back for 5 seconds. Ifa single fixing bath is used, the fixing 
time will be twice that needed for clearing. Any fixing bath should be 
discarded when it fails to clear the film in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both 
baths should be discarded. 
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For rapid processing, or when a low degree of permanence is acceptable, 
the film can be cleared in the fixer and washed briefly; fixing and washing 
should be completed later if a permanent record is required. 


For normal commercial requirements the negatives should be washed 
in running water for 30 minutes at 18°-24°C (65°-75°F) in an efficient 
washing vessel. Alternatively, they may be soaked for 5 minutes in each 
of 6 complete changes of water. At lower temperatures, or with less 
efficient washing equipment, the times may have to be increased con- 
siderably. When the reduction of washing time or the saving of water 
is important, ‘Kodak’ Hypo-Clearing Agent should be used. Full 
details of the recommendations necessary to ensure archival permanence 
may be found in Data Sheet RF-6. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negatives should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristic of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Kodafix, Microdol-X, Photo-Flo, Unifix, Wratten, 
and Tri-X are trade marks 
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KODAK ‘PANATOMIC-X’ ROLL FILM 


General properties and uses: ‘Panatomic-X’ is a thin-film, medium-speed, 
medium-contrast, panchromatic film of special type, giving extremely 
fine grain, and exceptional image sharpness and resolution. Its colour 
sensitivity is evenly balanced, and its uses include all general photography 
in which the finest definition and grain and the best possible quality are 
desired. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





The curves above show the variation of log sensitivity with wave-length for 
an exposure time of 15 seconds. Sensitivity is defined as the reciprocal 
of the exposure (expressed in ergs/cm*) required to produce a specific 
density, above gross fog, when the material is processed as recommended 
in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA/B.S. (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. 


ASA/B.S B.S DIN 


/B.S. .S. 
(ARITHMETICAL) (LOGARITHMIC) (LOGARITHMIC) 
40 27° 17 





Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, open the lens aperture by about 
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one stop. Within two hours of sunrise or sunset, open the aperture by 
one or more stops further than the setting for the main part of the day. 





SHUTTER SPEED—1/I00th or I/125th second 


Bright or Hazy Cloudy-dull 
* 


Subject Sun Weak Hazy Sun | Cloudy-bright ort 
Type (Distinct Shadows) (Soft Shadows) | (No Shadows) Open Shade 
Light to 
average Z f/ll f/8 f/5-6 f/4 
Dark. . . f/8 f/5°6 f/4 f/2°8 





NOTE: For high-altitude snow scenes, taken without a filter, give 13 stops less exposure. 


* With side or back lighting, give | stop more exposure. With close-up back-lit subjects, containing 
important shadow detail, the exposure increase should be |-2 stops depending on the effect required. 
Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


¢ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. Give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given in the following 
table apply for average subjects in a room or studio with a light ceiling, 
and light walls and furnishings. They are based on the use of two lamps, 
each being at the same distance from the subject and within 45° of the 
camera-subject axis. To obtain the recommended f/number, divide 
the guide number by the selected lamp-subject distance (in feet); con- 
versely, to obtain the recommended lamp-subject distance, divide the 
guide number by the selected f/number. These recommendations give 
minimum exposure; for subjects of dark tone, the calculated exposure 
may safely be increased by 1 stop or the lamps moved to three-quarters 
of the calculated distance. Exposures will vary to some extent according 
to the amount of light reflected from the ceiling, walls, and furnishings. 
Therefore, use this table only as a basis for practical tests. 





SHUTTER SPEED 


1/4th | 1/8th 1/25th 
LIGHTING or or 1/15th or 
1/5th | 1/10th | second | 1/30th 
second | second second 
Two No. | Photofloods in suitable reflectors . 40 28 20 14 
Two No. 2 Photofloods in suitable reflectors or 
two 275-watt Reflector Photofloods . .. . 56 40 28 20 
Two 500-watt Reflector Photofloods . 80 56 40 28 
Two 500-watt Photopearl G20) lene in 
suitable reflectors . . © % 45 32 22 16 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exoosure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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Flashbulb exposures: Either blue or clear flashbulbs can be used. To 
obtain the recommended f/number for average subjects, divide the guide 
number by the selected flashbulb-subject distance (in feet); conversely, 
to obtain the recommended flashbulb-subject distance, divide the guide 
number by the selected f/number. For dark-coloured subjects, open 
the aperture by 4 stop; for light-coloured subjects, close the aperture 
by 4 stop. Ifthe surroundings provide little or no reflected light, as in 
a large hall or studio, or out of doors, open the aperture by up to 2 stops. 
Conversely, for those subjects on to which a great deal of light is reflected, 
as in small rooms with walls of light tone, close the aperture by 1 stop. 
These guide numbers serve as a guide to the correct exposure, but should 
be used only as a basis for practical trial. Further information con- 
cerning the conditions of use may be found in Data Sheet RF-8. 





SHUTTER SPEED 


FLASHBULB Open Flash 1/50th 1/100th | 1/200th 
AND REFLECTOR and up or or or 

to 1/30th | /60th 1/125th 1/250th 

second second second second 


Class M—Blue 


*AG.|B—2-inch polished . . . . 90 80+ 72¢ 56t 

*No. IBS {2-inch polished . . . 64 56t 50t 40+ 
or PF.IB \4-inch satin-finish . . . 90 80t 72t 56+ 
Atlas Double-Lite Blue—4 to 5-inch 
satin-finish . 2... 1. 1 1. 10 100 90t 724 
PF.60/97—6 to 7-inch satin-finish . 180 160t 140+ HOF 
Class M—Clear 

*AG. |—2-inch polished. . 2... 

*No. |, PF.1, {2-inch polished . 90 80+ 724 56t 
or Type | \4-inch satin-finish . 
No. 5, PF.5, or Type 5—4 to 5-inch 
satin-finsh . . 2. . 2. 2. 1. 125 110 100+ 80+ 
No. 22 or PF.60—6 to 7-inch satin- 
finish. 20 2. ee ee ea es 220 200+ 180+ 140} 
Class S—Blue 
PF.100/97—6 to 7-inch satin-finish_ . 220 _ _ — 
Class S—Clear 
PF.100—6 to 7-inch satin-finish . . 280 _— _ _— 
Class FP—Blue 
PF.24/97—4 to 5-inch satin-finish . — 56 40 28 
PF.45/97—6 to 7-inch satin-finish . _ 80 56 40 
Class FP—Clear 
PF.24—4 to 5-inch satin-finish . . _ 80 56 40 
PF.45—6 to 7-inch satin-finish . . _ 110 80 56 





* If shallow, cylindrical, or fan-shaped reflectors are used, halve the guide numbers given in the table. 

+ With M-synchronization. 

Class M — flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/50th second or shorter. May also be used 
with X-synchronization at shutter speeds of 1/30th second or longer. 

Class § — flashbulbs taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization at shutter speeds of |/15th second or longer. 

Class FP — flashbulbs having a long duration over half-peak: specifically made for use with focal-plane 

shutters. 
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Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment, or determined by trial. 


Filters: The exposure factors given overleaf show the relative exposure 
for the filters quoted, but they can be only an approximate guide to the 
actual increase in exposure as they depend on the composition of the 
lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book ‘‘Kodak Wratten Filters”’. 








KODAK ‘WRATTEN’ FILTER 
Daylight factor . 
Tungsten factor 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Do not develop this film in any developer containing 
thiocyanate or thiosulphate; the use of either is likely to cause dichroic 
fog. Otherwise any negative developer can be used but the following 
‘Kodak’ developers are recommended. D-76 developer gives standard 
film speed with fine grain. ‘Microdol-X’ Developer gives extra-fine grain: 
when using this developer give } stop more exposure than normal. 
The developing times given in the table will produce a contrast level 
which corresponds with the requirements for printing with cold-cathode 





TIME TO PRODUCE 


DILUTION 
pose | DEVELOPER AND _| AGITATION Se 
TEMPERATURE 


approx. 0-8 | approx.0-65 





vanes Continuous 10 min 6 min 
68°F) Intermittent 13 min 7 min 
Fine- D-76* ( 
grain leit 
at 20C J | Continuous 13 min 7 min 
(68°F) ‘UpIntermittentt] 16 min 9 min 
| eee Continuous 12 min 7 min 
Extra- “68 F) Intermittentt 1S min 9 min 
fine- | ‘Microdol-X’* | 
grain 1434 / 
| ao Intermittentt I 11 min 
* Available in powder form. For formula of D-76, see Data Sheet FY-2. 


t+ Thorough agitation for 5 seconds at half-minute intervals. 
t Use once only. 
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and other diffuse-light-source enlargers. If mecessary, increase or 
decrease the contrast by increasing or decreasing the developing time, re- 
spectively. In known cases of under-exposure, especially with low- 
contrast subjects, extended development can be given. 


Sensitometric curves 


16 TT 
1-4 H 





| | BERR 

ott TTT TT fot ff ticropon-x} 
Pt TT TT er | [o-r6 c+) | 
Pi tty ty 


Ltt {| 
8 10 12 14 16 18 20 
Development Time (min) 


Density 


Relative Log. Exposure 0 1-0 20 3-0 40 


Characteristic curves for ‘Panatomic-X’ Roll Film in D-76 developer (undiluted) 
at 20°C (68°F). All time-gamma curves are for intermittent agitation 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


75 


Temperature (°F) 
3 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times can be drawn parallel to that shown for the particular developer 
concerned. Best results are obtained between 18° and 24°C (65° and 
75°F), and development should not be undertaken at above 24°C (75°F) 
without special precautions (see Data Booklet GN-5). 
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Stop bath: After development, rinse the film for about 10 seconds at 
18°-24°C (65°-75°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, a solution made up according to Kodak formula SB-1 (see 
Data Sheet FY-4), or in running water. 


Fixing, washing, and drying: Fix the film at 18°-24°C (65°-75°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with 
or without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 

For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the film of all milkiness in the first bath, and drain 
back for 5 seconds. Then fix in the second bath for the same time as 
was needed in the first, and drain back for 5 seconds. If a single fixing 
bath is used, fix for twice the time taken to clear. Discard any fixing 
bath when it fails to clear the film in less than twice the time taken to 
clear in a fresh bath; then, when using the two-bath method, replace 
the first bath with the second bath, and make up a fresh second bath. 
After 5 such changes, discard both baths. 

For rapid processing or when a low degree of permanence is acceptable, 
clear the film in the fixer and wash it briefly; fixing and washing must 
be completed later if a permanent record is required. 

For normal commercial requirements, wash the negative in running 
water for 30 minutes at 18°-24°C (65°-75°F) in a washing vessel which 
provides at least one complete change of water every 5 minutes. Altern- 
atively, soak it for 5 minutes in each of 6 complete changes of water. 
At lower temperatures or with less-efficient washing equipment, these 
times may have to be increased considerably. When it is important to 
reduce the washing time, and to save water, use ‘Kodak’ Hypo-Clearing 
Agent and wash for 5 minutes (full instructions are packed with this 
chemical). Full details of the precautions necessary to ensure archival 
permanence are given in Data Sheet RF-6. 

To obviate the risk of drying marks and to hasten drying, rinse the 
negative for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, 
at the recommended dilution. Information about rapid drying is given 
in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended only 
as a guide to the choice of a suitable material for a specific purpose. The 
data should not be assumed to be strictly quantitative: minor deviations 
may be found in individual cases owing to various causes. 


Kodak and product names quoted thus—‘Panatomic-X’—are trade marks 
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KODAK ‘PLUS-X’ PAN PROFESSIONAL 
ROLL FILM 


General properties and uses: This is a fast, fine-grain panchromatic film 
of moderate contrast having low graininess, and wide latitude in exposure 
and development. Its colour sensitivity is evenly balanced throughout 
the visible spectrum and is free from any undue response to red. 

This film is designed to meet the needs of professional photographers 
who require fine definition and low graininess combined with useful 
working film speed. It is suitable for all general work, including action 
photography, under reasonable lighting conditions. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





400 500 600 700 
Wave-length (my) 


The curves above show the variation of log sensitivity with wave-length. 
Sensitivity is defined as the reciprocal of the exposure (expressed in 
ergs/cm?) required to produce a specific density, above gross fog, when 
the material is processed as recommended in D-76 developer (1+1) for 
64 minutes. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. These figures apply when this film is de- 
veloped in ‘Kodak’ D-76 Developer to a gamma of 0°7. For lower 
degrees of contrast, it may be necessary to increase the exposure by up 
to about 4 stop. 
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B.S./ASA (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 








125 32° 22 






Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the 
aperture should be opened by one or more stops further than the setting 
for the season. 





SHUTTER SPEED—1/100th or 1/125th second 





Subject Bright Sun* (ls ae Weak Hazy Sun | Cloudy-bright a 
Type | (Strong shadows) (Soft shadows) | (No shadows) Open Shade 


shadows) 
Light to 
average f/l6 f/16 f/ll f/8 f/5-6 
Dark . f/ll f/ll f/8 f/5-6 f/4 





NOTE: For high-altitude snow scenes, taken without a filter, 14 stops less exposure should be given. 

* With side or back lighting, | stop more exposure should be given. With close-up back-lit subjects 
containing important shadow detail, the exposure increase should be I-2 stops, depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 

t+ Subjects shaded from the sun and lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given below apply for 
average subjects in a room or studio with a light ceiling, and light walls 





SHUTTER SPEED 


LIGHTING | /8th 1/25th | 1/50th 
or 1/15th or or 

1/10th | second | 1/30th | 1/60th 

second second | second 


Two No. | Photofloods in ‘Kodaflector’ or other 


simplereflectors. . . . 2. 2. 2. . 50 36 25 18 
Two No. 2 Photofloods in ‘Kodalite’ reflectors, 

or two 275-watt Reflector Photofloods . . . 72 50 36 25 
Two 500-watt Reflector Photofloods . 100 72 50 36 


Two 500-watt (3200’K) floodlamps in ‘Kodalite’ 


reflectors. . . 64 45 32 22 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 
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and furnishings. They are based on the use of two lamps, each being 
at the same distance from the subject and within 45° of the camera- 
subject axis. The guide number should be divided by the selected 
lamp-subject distance (in feet) to obtain the recommended f/number; 
conversely, the guide number should be divided by the selected f/number 
to obtain the recommended lamp-subject distance. These recommenda- 
tions give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used as a basis for practical 
experiments. 


Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be 
divided by the selected flashbulb-subject distance (in feet) to obtain the 
recommended f/number; conversely, the guide number should be 
divided by the selected f/number to obtain the recommended flashbulb- 
subject distance. These guide numbers serve as a guide to the correct 
exposure, but should be used only as a basis for practical trial. Further 
information concerning the conditions of use may be found in Data 
Sheet RF-8. 





SHUTTER SPEED 


FLASHBULB Open Flash | 1/50th | 1/100th | 1/200th 
and up or or or 

to 1/30th | 1/60th | 1/125th | 1/250th 

second | second | second | second 





Class M 


*AG.|—2-inch polished reflector 7 180 160+ 140} 110+ 
*No. |, PF.I, {2-inch polished reflector . 110 100+ 90t 72t 
or Type | 4-inch satin-finish reflector . 140 125+ 110+ 90+ 
No. 5, PF.5, or Type 5—4 to 5-inch satin- 
finish reflector .. 220 200t 180t 140+ 
No. 22 or PF.60—6to7-inch  satin-finish 
reflector . . 400 360¢ | 320t 250+ 
Class $ 
PF.100—6 to 7-inch satin-finish reflector  . 500 _— —_— — 
Class FP 
PF.24—4 to 5-inch satin-finish reflector  . _— 140 100 72 
PF.45—6 to 7-inch satin-finish reflector : _— 200 140 100 





* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


+ With M-synchronization. 
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Class M—flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchron- 
ization or F-synchronization at shutter speeds of I/!5th second or longer. 


Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 


Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book ““Kodak Wratten Filters”’. 





KODAK ‘WRATTEN’ FILTERS 


Daylight factor. 


Tungsten factor 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but the 
following ‘Kodak’ developers are recommended. D-76 developer gives 
standard film speed with fine grain: whenever possible, this developer 
should be used diluted 1+1 to permit closer control of contrast. 
‘Microdol-X’ developer gives extra-fine grain and may be used diluted 
1+3, when it gives improved definition: when using ‘Microdol-X’ 
developer, the exposure given should be } stop more than normal. 


The developing times are given in the table for gammas of approxi- 
mately 0°55 and 0-7. The lower contrast level is intended for use with 
opal-lamp condenser enlargers, or for subjects which have average to 
high contrast. The higher level is more suitable for subjects of lower 
contrast, or for enlargers with completely diffuse illumination. 
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TIME TO 






i PRODUCE 
- DILUTION AND GAMMA OF: 
POSE: || -PEVELOFER TEMPERATURE ———_— 
approx. | approx. 
0-55 0-7 
Fine- Bais f Undiluted at 20°C (68°F) 5 min | 7 min 
grain : lL 1-41 at 20°C (68°F) 6£ min | 9 min 
‘ 7£ min | 10 min 
Extra- Undiluted at 20°C (68°F) 
fine- | ‘Microdol-X’* 64 min | 9 min 
grain . 





143} at 24°C (75°F) 8 min | 12 min 





* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 

+ Use once only. 

$ In 3-gallon tanks with film on spiral reels in a processing basket, or in deep tanks, thorough agitation 
for 5 seconds at one-minute intervals. 

§ In small, daylight, spiral-reel or apron tanks, thorough agitation for 5 seconds at half-minute intervals. 
This category includes daylight tanks which accommodate two or three films at a time. 

NOTE: For continuous agitation, the times given should be reduced by about 20 per cent. 


Sensitometric curves 





10 12 14 #16 18 20 


Development Time (min) 





Relative Log. Exposure 0 1-0 20 3-0 40 


Characteristic curves for ‘Plus-X’ Pan Professional roll film developed in D-76 
developer (diluted 1+1) at 20°C (68°F). The time-gamma curve for D-76 
(diluted 1+1) and ‘Microdol-X’ (undiluted) developers applies for intermittent 
agitation in a small tank at 20°C (68°F); that for ‘Microdol-X’ developer 
(diluted 1+3) applies for intermittent agitation in a small tank at 24°C (75°F) 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the 
actual working conditions. 
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Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing times 
at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 
24°C (75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
Kodak Liquid Stop Bath with Indicator, a solution made up according 
to Kodak formula SB-1 (see Data Sheet FY-4), or in running water, and 
fixed at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ 
fixers are recommended—‘Kodafix’ Solution, AM-33 Rapid Liquid Fixer 
with AM-33H Hardening Additive, ‘Unifix’ Powder, or a solution made 
up according to Kodak formula F-5 (see Data Sheet FY-4). The preferred 
practice is the use of two successive fixing baths. The film should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time 
as was required in the first, and drained back for 5 seconds. If a single 
fixing bath is used, the fixing time will be twice that needed for clearing. 
Any fixing bath should be discarded when it fails to clear the film in 
10 minutes; then, when using the two-bath method, the first bath should 
be replaced with the second bath and a fresh second bath made up. 
After 5 such changes, both baths should be discarded. 

When very rapid processing is essential it is possible to clear the film 
in the fixer and wash it briefly until any residual dye stain is reduced 
sufficiently to ensure a printable negative. However, this practice should 
only be used when speed in processing is essential; fixing and washing 
must be completed later if a permanent record is required. 

For normal commercial requirements, the negatives should be washed 
in running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, they may be soaked for 5 minutes, with 
occasional agitation, in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo-Clearing Agent should 
be used. Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 
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The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution at 
the dilution recommended. The negatives should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
PLUS-X 
KODAFLECTOR 
KODALITE 
WRATTEN 
MICRODOL-X 
KODAFIX 
UNIFIX 
PHOTO-FLO 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-48 
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KODAK ‘VERICHROME’ PAN ROLL FILM 


General properties and uses: ‘Verichrome’ Pan is a fast, fine-grain, 
panchromatic film having a moderate contrast and a long exposure scale. 
It has great exposure latitude and a colour sensitivity evenly balanced 
throughout the visible spectrum. It is an excellent general-purpose film 
and although its grain is not as fine as that of ‘Panatomic-X’ film, negatives 
made on it are capable of considerable enlargement, by virtue of the 
enhanced sharpness characteristics of the emulsion. 

It is coated on safety base carrying an anti-halation backing which clears 
during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Log Sensitivity 





Wave -length (mp) 


The curves above show the variation of log sensitivity with wave-length 
for an exposure time of 15 seconds. Sensitivity is defined as the 
reciprocal of the exposure (expressed in ergs/cm?) required to produce 
a specific density, above gross fog, when the material is processed as 
recommended in D-76 developer. 


Meter settings: The following meter settings are recommended for 
minimum exposure by either daylight or tungsten light (see Data Sheets 
RF-1 and SE-1); they are suitable for use with exposure meters and 
calculators scaled in ASA’B.S. (arithmetical), B.S. (logarithmic), and 
DIN (logarithmic) speeds. 


ASA/B.S. (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 


125 32° 22 
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Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, open the lens aperture by about 
one stop. Within two hours of sunrise or sunset, open the aperture 
by one or more stops further than the setting for the main part of the day. 





SHUTTER SPEED—1/l00th or 1/125th second 


Subject UEhE ne Hazy Weak Hazy Sun | Cloudy-bright Cloudy-dull 


Sun 
Type (Distinct Shadows) (Soft Shadows) (No Shadows) | ort Open Shade 


Light to 
average ; f/\6 f/ll f/8 f/5-6 
Dark. . . f/ll f/8 f/5-6 f/4 





NOTE: For high-altitude snow scenes, taken without a filter, give I+ stops less exposure. 


* With side or back lighting, give | stop more exposure. With close-up back-lit subjects, containing 
important shadow detail, the exposure increase should be |-2 stops depending on the effect required. 
Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. Give more exposure 
with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given in the following 
table apply for average subjects in a room or studio with a light ceiling, 
and light walls and furnishings. They are based on the use of two 
lamps, each being at the same distance from the subject and within 45° 
of the camera-subject axis. To obtain the recommended /fjnumber, 
divide the guide number by the selected lamp-subject distance (in feet); 
conversely, to obtain the recommended lamp-subject distance, divide 
the guide number by the selected fynumber. These recommendations 
give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by 1 stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. Therefore, use this table only as a basis for practical tests. 


SHUTTER SPEED 


LIGHTING (/4th | 1/8th 1/25th 
or or 1/15th or 

1/5th | 1/lOth | second | 1/30th 

second | second second 


Two No. | Photofloods in suitable reflectors . 


Two No. 2 Photofloods in suitable reflectors or 
two 275-watt Reflector Photofloods 


Two 500-watt Reflector Photofloods 


Two 500-watt Biotest eae) lamps. in 
suitable reflectors . . : 


100 72 50 36 
140 100 72 50 


80 50 40 28 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
istance, 
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Flashbulb exposures: Either blue or clear flashbulbs can be used. To 
obtain the recommended f number for average subjects, divide the guide 
number by the selected flashbulb-subject distance (in feet); conversely, 
to obtain the recommended flashbulb-subject distance, divide the guide 
number by the selected finumber. For dark-coloured subjects, open 
the aperture by } stop; for light-coloured subjects, close the aperture 
by 3 stop. If the surroundings provide little or no reflected light, as 
in a large hall or studio, or out of doors, open the aperture by up to 2 
stops. Conversely, for those subjects on to which a great deal of light 
is reflected, as in small rooms with walls of light tone, close the aperture 
by 1 stop. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 





SHUTTER SPEED 


FLASHBULB Open Flash 1/50th 1/100th |/200th 
AND REFLECTOR and up or or or 

to |/30th 1/60th 1/125th 1/250th 

second second second second 


Class M—Blue 


*AG.IB—2-inch polished . . . . 160 140} 125+ 100+ 
*No. IBS {72-inch polished. . . . 110 100+ 90t 72+ 
or PF.IB \4-inch satin-finish . . . 160 140+ 125t 100+ 
Atlas Double-Lite Blue—4 to 5-inch 
satin-finish . . 2. 2... 2. 200 180+ 160+ 125+ 
PF.60/97—6 to 7-inch satin-finish . 320 280+ 250+ 200} 


Class M—Clear 

*AG.|—2-inch polished. . . . .{) 

*No. 1, PF.I {22-inch polished... 160 140 125t 100+ 
or Typel \4-inch satin-finish A 
No. 5, PF.5, or Type 5—4 to 5-inch 


satin-finish . . . . ..... 220 200t 180+ 140+ 
No. 22 or PF.60—6 to 7-inch satin- 

finish. 2. . na Wa tee See ee 400 360} 320t 250+ 
Class S—Blue 

PF.100/97—6 to 7-inch satin-finish . 400 _— _ —_ 

Class S—Clear 

PF.100—6 to 7-inch satin-finish . . 500 — — = 

Class FP—Blue 

PF.24/97—4 to 5-inch satin-finish . _ 110 80 56 
PF.45/97—6 to 7-inch satin-finish . _ 160 110 80 
Class FP—Clear 

PF.24—4 to 5-inch satin-finish . . _— 140 100 72 
PF.45—6 to 7-inch satin-finish . . _ 200 140 100 





* If shallow, cylindrical, or fan-shaped reflectors are used, halve the guide numbers given in the table. 

t+ With M-synchronization. 

Class M—flashbulbs taking a time of 15-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/50th second or shorter. May also be 
used with X-synchronization at shutter speeds of 1/30th second or longer. 

Class S—flashbulbs taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/30th second or longer, and with X-synchro- 
nization at shutter speeds of |/15th second or longer. 

Class FP—flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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Electronic-flash exposures: Guide numbers should be obtained from 
the manufacturer of the equipment, or determined by trial. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data 
Sheets on specific filters and in the book ‘“‘Kodak Wratten Filters”. 





‘ , No. 8 | No.9 | No. II | No. 15 
KODAK ‘WRATTEN’ FILTER (K2) (K3) (X1) (6) No. 25 
Daylight factor . 2. 2. 2. 1... 2 24 4 24 8 
Tungsten factor. . . . . . . If 2 4 Ie 5 





Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Do not develop this film in any developer containing 
thiocyanate or thiosulphate; the use of either is likely to cause dichroic 
fog. Otherwise any negative developer can be used but the following 
‘Kodak’ developers are recommended. D-76 developer gives standard 
film speed with fine grain. ‘Microdol-X’ developer gives extra-fine- 
grain: when using this developer, give } stop more exposure than normal. 





TIME TO PRODUCE 
DILUTION 
pose | DEVELOPER AND AGITATION GAMMA OF: 
PERIRER ATURE approx. 0°8 | approx. 0°65 
Undiluted 
at 20°C Continuous 9 min 6 min 
Fine- (68 F) Intermittentt | |! min 7 min 
: D-76* 
grain I+l¢ 
at 20°C = {| Continuous 12 min 7 min 
L (68 F) ‘| Intermittentt | 15 min 9 min 
Undiluted 
at 20°C Continuous 12 min 7 min 
Extra- (68°F) Intermittentt 15 min 9 min 
fine- | ‘Microdol-X’*< 
grain 1434 
at 24°C Intermittent} _ 10 min 
(75°F) 


* Available in powder form. For formula of D-76, see Data Sheet FY-2. 
+ Thorough agitation for 5 seconds at half-minute intervals. 
+ Use once only. 
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The developing times given in the table will produce a contrast level 
which corresponds with the requirements for printing with cold-cathode 
and other diffuse-light-source enlargers. If necessary, increase or 
decrease the contrast by increasing or decreasing the developing time, 
respectively. In known cases of under-exposure, especially with low- 
contrast subjects, extended development can be given. 


Sensitometric curves 


“rTTTITTITIITLITTL LLL 
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Development Time (min) 


© Density 


Relative Log. Exposure 0 10 20 30 4 
Characteristic curves for ‘Verichrome’ Pan roll film developed in D-76 developer 
(undiluted) at 20°C (68°F). Both time-gamma curves are for intermittent agitation 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing 
times can be drawn parallel to that shown for the particular developer 
concerned. Best results are obtained between 18° and 24°C (65° and 
75°F), and development should not be undertaken at above 24°C (75°F) 
without special precautions (see Data Booklet GN-5). 
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Stop bath: After development, rinse the film.for about 10 seconds at 
18°-24°C (65°-75°F) in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, a solution made up according to Kodak formula SB-1 (see 
Data Sheet FY-4), or in running water. 


Fixing, washing, and drying: Fix the film at 18°-24°C (65°-75°F) in one 
of the following ‘Kodak’ fixers—‘Kodafix’ Solution, Rapid Fixer (with 
or without hardener), ‘Unifix’ Powder, ‘Metafix’ Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 


For the best results and the most efficient fixing, use two successive 
fixing baths. Clear the film of all milkiness in the first bath, and drain 
back for 5 seconds. Then fix in the second bath for the same time as 
was needed in the first, and drain back for 5 seconds. If a single fixing 
bath is used, fix for twice the time taken to clear. Discard any fixing 
bath when it fails to clear the film in less than twice the time taken to 
clear in a fresh bath; then, when using the two-bath method, replace 
the first bath with the second bath, and make up a fresh second bath. 
After 5 such changes, discard both baths. 


For rapid processing or when a low degree of permanence is acceptable, 
clear the film in the fixer and wash it briefly; fixing and washing must 
be completed later if a permanent record is required. 


For normal commercial requirements, wash the negative in running 
water for 30 minutes at 18°-24°C (65°-75°F) in a washing vessel which 
provides at least one complete change of water every 5 minutes. 
Alternatively, soak it for 5 minutes in each of 6 complete changes of water. 
At lower temperatures or with less-efficient washing equipment, these 
times may have to be increased considerably. When it is important to 
reduce the washing time, and to save water, use ‘Kodak’ Hypo-Clearing 
Agent and wash for 5 minutes (full instructions are packed with this 
chemical). Full details of the precautions necessary to ensure archival 
permanence are given in Data Sheet RF-6. 


To obviate the risk of drying marks and to hasten drying, rinse the 
negative for approximately 30 seconds in Kodak ‘Photo-Flo’ Solution, 
at the recommended dilution. Information about rapid drying is given 
in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Product names quoted thus—‘Kodak’—are trade marks 
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KODAK ‘ROYAL-X’ PAN ROLL FILM 


General properties and uses: This is an ultra-fast panchromatic film 
particularly recommended for situations or conditions in which the highest 
emulsion speed, at some sacrifice to grain, is essential, e.g., very high- 
speed recording, action work under existing lighting conditions at night or 
under poor lighting conditions at any time, interior photography under 
existing lighting conditions, or when the shortest possible exposure is 
necessary. It is very suitable for use with both electronic-flash units and 
flashbulbs. 

Because of the special characteristics of this film, the usual general 
recommendations for exposure and development are not adequate; to 
obtain from it the utmost advantage, the exposure and development must 
be fitted to the lighting conditions and the type of subject, as given in the 
recommendations below. 

It is coated on safety base carrying an anti-halation backing which 
clears during development. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Log Sensitivity 





Wave-length (mp) 


The curves above show the variation of log sensitivity with wave-length. 
Sensitivity is defined as the reciprocal of the exposure (expressed in 
ergs/cm?) required to produce a specific density, above gross fog, when 
the material is processed as recommended in DK-50 developer for 9 
minutes. 


Meter settings: With normal development, the figures in the table 
overleaf are suitable for most applications, and make the fullest use of 
the speed/grain ratio and the definition of the film. The exposures 
obtained by their use will provide good negatives of subjects having an 
average scale of brightness, i.e., moderate-contrast subjects. 

With extended development, satisfactory negatives may be obtained 
from low-contrast subjects when these figures are modified to halve the 
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exposure by doubling the arithmetical speed, or by adding 3 to the 
logarithmic speeds. 

These figures are suitable for use with exposure meters and calculators 
scaled in B.S.’ASA (arithmetical), B.S. (logarithmic), or DIN (logarithmic) 
speeds, and apply for exposure by either daylight or tungsten light (see 
Data Sheets RF-1 and SE-1). 


B.S./ASA (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 


1250 42° 32 





Exposure guide: The exposures in the table below, which are recom- 
mended as a guide, are classified according to the development conditions 
to be used—whether normal or extended. The unit of illumination is 
foot-candles incident on the subject; this can be measured with some 
exposure meters. 







AVERAGE SUBJECT, |LOW-CONTRAST SUB- 
LIGHTING CONDITIONS WITH NORMAL JECT, WITHEXTENDED 
DEVELOPMENT DEVELOPMENT 


Existing Light 
Average factory or home 


interiors: 4-8 foot-candles 1/25th or 1/30th sec | 1/25th or 1/30th sec 
at f/3°5 at f/4°5 

Indoor arenas, theatres, etc.: 

16-64 foot-candles . . . 1/100th or 1/125th sec | 1/200th or 1/250th sec 
at f/4°5 at f/4°5 

Interiors of stores and well-lit 

shops: 32-125 foot-candles . . 1/100th or 1/125th sec | 1/100th or 1/125th sec 
at f/5°6 at f/8 

Heavy-overcast daylight: 

125-500 foot-candles . . 1;100th or 1/125th sec | 1/100th or 1/125th sec 
at f/16 at f/22 

Bright sunlight: 5000-10000 

foot-candles . . . . ... 1/400th or 1/500th sec — 
at f/32 

Flashbulbs* 

No. 5, PF.5, or Type 5 flashbulb | f/4°5 at 100 feet f/5°6 at 125 feet 

PF.60 flashbulb . . . f/8 at 125 feet f/ll at 125 feet 


* Shutter, at 1/400th or 1/500th second, set to M-synchronization. 


Filters: The exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book “Kodak Wratten Filters’’. 


“ , No. 8 | No. 9 | No. I 

KODAK ‘WRATTEN’ FILTERS (K2) (K3) (X1) 
Daylight factor . 2 2. 1. 1 ww ee 2 24 5 8 
Tungsten factor . . . . .... IZ 2 4 5 
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Safelighting: NONE—this film should be handled only in total darkness. 
Development: For the best results only ‘Kodak’ DK-50 Developer 
Powder or a solution made up according to Kodak formula DK-50 
should be used. Most other developers do not give the fullest emulsion 
speed, or they increase the fog, or both. Particularly, this film should 
not be developed in working solutions made from concentrated liquid 
developers, nor in any developer containing a silver-halide solvent, such 
as thiocyanate or thiosulphate, as their use is likely to cause dichroic fog. 

Only fresh solutions of the recommended developer should be used, 
as partially exhausted developer may cause dichroic fog. 


Irrespective of whether a dish or tank is used, the time should be taken 
in accordance with the agitation employed :— 







DEVELOPING TIME AT 


DEVELOPER USE | AGITATION 20°C (e8"F) 







Normal { Continuous 7 minutes 

DK-50* development Intermittentt 9 minutes 
undiluted Extended ae ee 

[ developmentt oneunveus minutes 





* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 
+ Thorough agitation for 5 seconds at one-minute intervals. 


+ For higher speed with low-contrast subjects. Also for exposures by high-voltage studio electronic- 
flash units; low-voltage portable units usually need no increase in development. 


Sensitometric curves 


iver |_| || 1 
EL ae 3 














1o 12 «14 
Development Time (min) 


Density 


Relative Log. Exposure 0 1-0 20 3-0 40 


Characteristic curves for ‘Royal-X’ Pan Roll Film developed in undiluted DK-50 
developer at 20°C (68°F) with intermittent agitation 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the 
actual working conditions. 
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Time-temperature curves 


2 EN 
EAT 


Time of Development (minutes) 


75 










70 


Temperature (°F) 


65 


Temperature (°C) 





60 


The developing times at various temperatures corresponding to 7, 9, and 
12 minutes at 20°C (68°F) are shown. Corresponding curves for other 
developing times at 20°C (68°F) can be drawn parallel to those shown. 
Best results are obtained between 18° and 24°C (65° and 75°F), and 
development should not be undertaken at above 24°C (75°F) without 
special precautions (see Data Booklet GN-5). 


Stop bath: An acid stop bath must be used to minimize the tendency to 
dichroic fog. The film should be rinsed in a solution of ‘Kodak’ Liquid 
Stop Bath with Indicator, or a solution made up according to Kodak 
formula SB-1 (see Data Sheet FY-4), at a temperature of 18°-25°C 
(64°-77°F) for 30-60 seconds, with constant agitation. It should then 
be drained for 2-5 seconds before immersing in the fixing bath. 


Fixing, washing, and drying: The film should be fixed at a temperature of 
18°-25°C (64°-77°F). The following ‘Kodak’ fixers are recommended— 
‘Kodafix’ Solution, AM-33 Rapid Liquid Fixer, with or without AM-33H 
Hardening Additive, ‘Unifix’ Powder, Acid Fixer Powder, or a solution 
made up according to Kodak formula F-5 or F-24 (see Data Sheet FY-4). 
The preferred practice is the use of two successive fixing baths. The 
film should be cleared of all milkiness in the first bath and drained back 
for 5 seconds. It should then be given, in the fresh second fixing bath, 
the same time as was required in the first, and drained back for 5 seconds. 
If a single fixing bath is used, the fixing time will be twice that needed for 
clearing. Any fixing bath should be discarded when it fails to clear the 
film in 10 minutes; then, when using the two-bath method, the first bath 
should be replaced with the second bath and a fresh second bath made up. 
After 5 such changes, both baths should be discarded. 

For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal commercial requirements, the negatives should be washed 
in running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, they may be soaked for 5 minutes, with 
occasional agitation, in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo-Clearing Agent should 
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be used. Full details of the recommendations necessary to ensure 
archival permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negatives should then be dried in a 
dust-free atmosphere. Information concerning rapid drying may be 
found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative; minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAFIX 
PHOTO-FLO 
ROYAL-X 
UNIFIX 
WRATTEN 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-50 


TPFM-50/bxWP 10963 


KODAK ‘PANATOMIC-X’ MINIATURE FILM 


General properties and uses: ‘Panatomic-X’ is a thin-film medium-speed, 
medium-contrast, panchromatic film of special type, giving extremely 
fine grain, and exceptional image sharpness and resolution. Its colour 
sensitivity is evenly balanced and its uses include all photography with 
miniature cameras in which the finest definition and grain and the best 
possible quality are desired. 





It is coated on safety base which is tinted for the prevention of halation. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





36 38 40 42 44 46 48 SO S52 SA S6 SB 60 62 O4 66 68 


3638 40 42 44 46 48 SO S2 S54 56 58 60 62 64 66 Of 


uv. | Blue | Green I Red uv. | Bue | Green| Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200°R) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Speed figures: These figures are suitable for use with exposure meters 
and calculators scaled in B.S..ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 










B.S. (LOGARITHMIC) | DIN (LOGARITHMIC) 





B.S./ASA (ARITHMETICAL) 





40 27 17 





Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
season. 
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DAYLIGHT EXPOSURES AT 1/100th or 1/125th second 


Subject Bright or bri Cloudy-dull 
Type * Hazy Sun t¢ Clcudy:Bright or t Open Shade 
Brilliant . f/22 fill f/8 
Bright . . . f/16 f/8 f/5-6 
Average . : fill f/5°6 f/4 
Shaded . . . f/8 f/4 f/2°8 





* Hazy sun is sufficient to cast a slight shadow of well-defined objects, such as posts, tree-trunks, etc., 
while cloudy-bright is not. 


+ With side or back lighting, $ stop more exposure should be given. With back-lit close-up subjects 
containing important shadow detail, the exposure increase may amount to | stop, depending on the 
effect required. Reflectors and supplementary flash are frequently useful to illuminate the shadows. 


+ Subjects shaded from the sun but lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Brilliant subjects : Coastal, marine, and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


. Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


NOTE: For subjects on light dry sand or snow, | stop less exposure 
should be given; for high-altitude snow scenes, 1} stops less. Use figures 
in table for snow scenes in winter in temperate latitudes. 


Tungsten-light exposures: The table opposite suggests approximate 
exposures for average subjects in a room or studio with a light ceiling, and 
light walls and furnishings. They are based on the use of two lamps, each 
being at the same distance from the subject and within 45° of the camera- 
subject axis. These recommendations give minimum exposure; for subjects 
of dark tone, the exposures may safely be doubled, and exposures will vary 
to some extent according to the amount of light reflected from the ceiling, 
walls, and furnishings. This table, therefore, should be used as a basis 
for practical experiments. 
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TUNGSTEN-LIGHT EXPOSURES AT 1/4th or 1/5th second* 





Distance of lamps from subject (feet) at 


f/5°6 | f/6-3 | f/8 | f/9 | F/I | f/12-5 


Lighting 


Two No. | Photofloods in ‘Kodaflector’ 


reflectors : 3 
Two No. 2 Photofiodds in ‘Kodalite’ 
reflectors or two 275-watt reflector 
Photofloods ‘ 45 
Two 500-watt reflector Phatofloods : + 
Two 500-watt (3200°K) floodlamine in 
‘Kodalite’ reflectors s 4 





* The recommendations in this table give minimum exposure; for subjects of dark tone, the exposures 
may safely be doubled. 


Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector 
suitable for the particular flashbulb. The guide number should be 
divided by the selected flashbulb-subject distance (in feet) to obtain the 
recommended f/number. These guide numbers serve as a guide to the 
correct exposure, but should be used only as a basis for practical trial. 
Further information concerning the conditions of use may be found in 
Data Sheet RF-8. 





FLASHBULB 











Class M Class FP 
SHUTTER 
SPEED 
Open flash and up to 1/30th second . 80 _— 
1/50th or |,60th second . . . . . 72* 110 
1/l00th or 1/I25th second . . . . 64* 80 


1/200th or 1/250th second 






* With M-synchronization. 
+ If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of 1/30th second or longer. 


Class § —a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of 1/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of I/I5th second or longer. 


Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 
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Electronic-flash exposures: Guide numbers should be obtained from 
the manufacturer of the equipment, or determined by trial. 


Filters: Exposure factors given below show the relative exposure for 
the filters quoted, but they can be only an approximate guide to the 
actual increase in exposure, as they depend on the composition of the 
lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book “‘Kodak Wratten Filters”. 








KODAK ‘WRATTEN’ FILTERS NK) 


Daylight factor . 
Tungsten factor . 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at 
a minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in DK-20 developer, 
nor in any other developer containing thiocyanate or thiosulphate; their 
use is likely to cause dichroic fog. Otherwise, any negative developer 
may be used, but the following Kodak developers are recommended. 
When using ‘Microdol-X? developer, the exposure given should be } stop 
more than normal. Irrespective of whether a dish or tank is used, the 
time should be taken in accordance with the agitation employed. 





TIME AT 20°C (68°F) TO 
PRODUCE GAMMA OF: 






PURPOSE | DEVELOPER | DILUTION | AGITATION 
approx. 0-8 | approx. 0°65 


Undiluted Continuous 8 min 6 min 
; ; Intermittentt 9 min 7 min 
Fine-grain *D-76 
Continuous Il min 7 min 
1--1+ : : : 

ee Intermittentt 14 min 9 min 

Extra- RAY , : Continuous 12 min 7 min 

fine-grain Ricrodel=x\y)S ndiluted Intermittentt 15 min 9 min 
* Available as ‘Kodak’ Packed Developer Powders. For formula see Data Sheet FY-2. 


+ Thorough agitation for 5 seconds at half-minute intervals. 
¢ Use once only. 


§ ‘Microdol-X’ developer may also be used at a dilution of 1+3 to produce a gamma of approximately 
0°65 with I1 minutes’ development at 22°C (72’F) or 13 minutes at 24°C (75‘F); use the developer 
once only at this dilution. 
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Sensitometric curves 
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Development Time (min) 





Relative Log. Exposure 0 1-0 20 3-0 40 


Characteristic curves for ‘Panatomic-X’ Miniature Film in D-76 developer (undiluted) 
at 20°C (68°F). All time-gamma curves are for intermittent agitation 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


ESS NT 
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Temperature (°F) 
Temperature (°C) 
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Time of eaters (minutes) 


The developing times at various temperatures corresponding to 7, 9, and 
11 minutes at 20°C (68°F) are shown. Corresponding curves for other 
developing times at 20°C (68°F) can be drawn parallel to those shown. 
Best results are obtained between 18° and 24°C (65° and 75°F), and devel- 
opment should not be undertaken at above 24°C (75°F) without special 
precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ fixers 
are recommended—‘Unifix’ Powder, Acid Fixer Powder, AM-33 Rapid 
Liquid Fixer, with or without AM-33H Hardening Additive, ‘Kodafix’ 
Solution, or a solution made up according to Kodak formula F-5 or F-24 
(see Data Sheet FY-4). The preferred practice is the use of two successive 
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fixing baths. The film should be cleared of all milkiness in the first bath 
and drained back for 5 seconds. It should then be given, in the fresh 
second fixing bath, the same time as was required in the first, and drained 
back for 5 seconds. Ifa single fixing bath is used, the fixing time will be 
twice that needed for clearing. Any fixing bath should be discarded 
when it fails to clear in 10 minutes; then, when using the two-bath 
method, the first bath should be replaced with the second bath and a 
fresh second bath made up. After 5 such changes, both baths should be 
discarded. 

For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal requirements, the negatives should be washed in running 
water for 30 minutes at 15°-25°C (59°-77°F) in an efficient washing 
vessel. Alternatively, they may be soaked for 5 minutes in each of 6 com- 
plete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo-Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. 

The negatives should then be dried in a dust-free atmosphere. 


Information concerning rapid drying may be found in Data Sheet 
PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, and product names quoted thus—‘Panatomic-X’—are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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KODAK ‘PLUS-X’ MINIATURE FILM 


General properties and uses: ‘Plus-X’ is a fast panchromatic film inter- 
mediate in speed and grain characteristics between ‘Tri-X’ and 
‘Panatomic’-X films. Its sensitivity is evenly balanced and it possesses a 
great exposure latitude. It is of medium gradation and may be used for 
all purposes of miniature photography not requiring either maximum 
speed or the utmost fineness of grain. 

It is coated on a base of safety type which is tinted for the prevention of 
halation. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 








36 38 40 42 44 46 48 $0 S2 $4 So SB 60 62 64 66 68 
1 


3698 40 42 44 46 48 50 $2 $4 $6 38 60 62 64 66 68 


uv. | Bive 1 Grees Red uv | Blue Green | Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (2848° K.) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Resolving power: 65 lines per millimetre when developed as recom- 
mended. This is a figure relating to the emulsion only; the practical 
figures obtained will depend largely upon other factors such as the subject 
contrast and the optical system used. 

Exposure indices: These figures are suitable for use with exposure meters 
and calculators based on the British Standards Institution or the American 
Standards Association system (see Data Sheets RF-] and SE-1). 








Exposure Indices Daylight Tungsten 





29° 
64 


Logarithmic ar : 30 
Arithmetical 80 






Daylight exposures: When processed in D.76 the following exposures are 
approximately correct during summer in temperate latitudes (and in the 
tropics all the year round). In winter the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset the aperture 
should be opened by one or more stops further than the setting for the 
season. When using ‘Microdol’ developer the aperture should be in- 
creased by about half a stop. 


Weath Brilli Brigh A Shaded 

Condition Exposure Subject Subject Subject Subject 
Bright sun. | 100th sec. at f'22 flé fil f'8 
Hazy sun . . 1; 100th sec. at fi 16 fill f8 f'5°6 
Cloudy-bright | 100th sec. at fll f8 f 56 f'4 


Cloudy-dull . 150th sec. at fll f8 f 56 fi4 


Kodak Data Sheet 
WARNING: This material should not be 
developed in DK.20 developer, nor in any FM-52 
other developer containing thiacyanate or 
thiosulphate; their use is likely to cause 
dichroic fog. 


Hazy sun is sufficient to cast a slight shadow of well-defined objects, such 
as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Beach, sea and snow scenes; distant landscapes and 
mountains without prominent dark objects in the foreground. 


Bright subjects : Near objects at sea or on the beach; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 1 Photoflood lamps in ‘Koda- 
flector’ reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an 
average room or studio with white walls, the exposure will be approxi- 
mately :— 






Distance of Lamps from Subject (ft.) 









1/25th second at F/B | f/63 | F/5°6 | £/4-5 | f/3°5 | f/2°8 | f/2°5 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULBS 


SHUTTER Gloss Class M Class FP 
SPEEDS 


No. | No. 5 No. 22 a F. PF.45 
No. 3 PEI PF.NA PF 25 PF.38 PF60 PF.100 | PF.24 


Open flash, 1/25th 
and 1/50th sec. 80 | 80 | 110 | 145 | 185 | 280 132 | 225 


1/100th sec. 60 | 60 | 84 110 140 | 215 102 | 175 





Example—Shutter speed of 1/25th second using a PF.60 flashbulb=280= 123 ft. x f/22, or f/5.6 x 50 fe. 


Class F—a flashbulb taking a time of 8-12 milliseconds to reach peak, and suitable for use with simple 
synchronized cameras or with between-lens shutters having F-synchronization. May also be used 
with X-synchronization at shutter speeds of |/25th second or longer. 


Class M—a flashbulb taking a time of 20-25 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization. May also be used with F-synchronization or X- 
synchronization at shutter speeds of 1/25th second or longer. 


Class S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization or F-synchronization at shutter speeds of 1/25th second or longer, 
and with X-synchronization at shutter speeds of |/10 second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 
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Filters: Exposure factors given below show the relative exposure for the 
‘Wratten’ filters quoted, but they can be only an approximate guide to 
the actual increase in exposure as they depend on the composition of the 
lighting. Further details can be found in the Data Sheets on specific 
filters and in the book “Wratten Light Filters’. 


Kodak ‘Wratten’ Filters 8 (K2) 9 (K3) Hh (XI) 15 (G) 


Daylight factor . 
Tungsten factor . 





Safelight recommended: Indirect lighting: ‘Wratten’ Series 3 (green). 


Development: Any negative developer may be used but the following 
Kodak developers are recommended. In the table below the first- 
mentioned developer is the main recommendation. Irrespective of 
whether a dish or a tank is used, the time should be taken in accordance 
with the agitation employed :— 

Time at 68° F.(20°C.) 


Purpose Developer Dilution Agitation to produce gamma of: 
approx. 0-8 | approx. 0:65 


; . : Continuous I min. 8 min 
a * : - aoe 
Fine-grain D.76 Undiluted Intermittent t+] 14 min. | 10 min. 
Continuous 12 min. 9 min. 
Intermittent t| 15 min. TH] min. 


4 Extra ‘Microdol’* | Undiluted 
ine-grain 





* Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 
+ Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 
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Characteristic curves for ‘Plus-X’ miniature film 
in D.76 developer (undiluted) at 68° F. 
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The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves = 7 
70 


65 


60 





Temperature (° 


2 3 4 5 10 15 20 30-40 


Time of Development (minutes) 


The developing times at various temperatures corresponding to 11 and 
14 minutes at 68° F. are shown. Corresponding curves for other develop- 
ment times at 68° F. can be drawn parallel to those shown. Best results 
are obtained between 65° F. and 70° F. and development should not be car- 
ried out above 75° F. without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed 
at a temperature of 65°—70° F. (18°—21° C.) in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing 
solution made up according to Kodak formula F.54a. The preferred 
practice is to use two successive fixing baths. The film should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. Ifa single fixing bath is used 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. 

For normal requirements the negative should be washed in running 
water for 30 minutes at 60°—70° F. (16°—21° C.) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 8 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When a 
low degree of permanence is acceptable, e.g., when the negative is required 
immediately, but is not to be kept, the times may be reduced; under these 
circumstances only a brief rinse may be adequate. Full details of the 
recommendations necessary to ensure archival permanence may be found 
in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying assisted, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the proportion recommended. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, and product names quoted thus ‘Wratten’ are trade marks 
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KODAK ‘PLUS-X’ PAN MINIATURE FILM 


General properties and uses: ‘Plus-X’ Pan is a fast panchromatic film 
intermediate in speed and grain characteristics between ‘Tri-X’ Pan and 
‘Panatomic-X’ films. Its sensitivity is evenly balanced and it possesses 
great exposure latitude. It is of medium gradation and may be used for 
all purposes of miniature photography not requiring either maximum 
speed or the utmost fineness of grain. 

It is coated on safety base which is tinted for the prevention of halation. 





Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Log Sensitivity 





Wave-length (my) 


The curves above show the variation of log. sensitivity with wave-length. 
Sensitivity is defined as the reciprocal of the exposure (expressed in 
ergs/cm*) required to produce a specific density, above gross fog, when 
the material is processed as recommended in D-76 developer. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 


B.S./ASA (ARITHMETICAL) | B.S. (LOGARITHMIC) DIN (LOGARITHMIC) 


125 32° 22 





Daylight exposures: The following exposures are approximately correct 
during spring, summer, and autumn in temperate latitudes, and in the 
tropics all the year round. In winter, the lens aperture should be opened 
by about one stop. Within two hours of sunrise or sunset, the aperture 
should be opened by one or more stops further than the setting for the 
season. 
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SHUTTER SPEED—1/!00th or 1/125th second 





Subject | Bright Sun* | 1 102Y,S4N* | Weak Hazy Sun | Cloudy-bright Rega 
Type | (Strong shadows) (le (Soft shadows) | (No shadows) Ope 


shadows) n Shade 
Light to 
average f/16 f/16 fill f/5°6 
Dark . f/ll f/ll f/8 f/4 


NOTE: For high-altitude snow scenes, taken without a filter, 14 stops less exposure should be given. 


* With side or back lighting, | stop more exposure should be given. With close-up back-lit subjects 
containing important shadow detail, the exposure increase should be I-2 stops, depending on the 
effect required. Reflectors or supplementary flash are frequently useful to illuminate the shadows. 


t Subjects shaded from the sun and lit by a large area of clear unobstructed sky. More exposure should 
be given with a smaller sky area, and slightly less when there are reflecting clouds. 


Tungsten-light exposures: The guide numbers given below apply for 
average subjects in a room or studio with a light ceiling, and light walls 
and furnishings. They are based on the use of two lamps, each being 
at the same distance from the subject and within 45° of the camera- 
subject axis. The guide number should be divided by the selected 
lamp-subject distance (in feet) to obtain the recommended f/number; 
conversely, the guide number should be divided by the selected //number 
to obtain the recommended lamp-subject distance. These recommenda- 
tions give minimum exposure; for subjects of dark tone, the calculated 
exposure may safely be increased by | stop or the lamps moved to three- 
quarters of the calculated distance. Exposures will vary to some extent 
according to the amount of light reflected from the ceiling, walls, and 
furnishings. This table, therefore, should be used as a basis for practical 
experiments. 


SHUTTER SPEED 


LIGHTING 1/8th 1/25th | 1/50th 
or 1/15th or or 

1/10th | second | 1/30th | 1/60th 

second second | second 


Two No. | Photofloods in ‘Kodaflector’ or other 


simple reflectors 18 
Two No. 2 Photofloods in ‘Kodalite’ reflectors, 
or two 275-watt Reflector Photofloods 25 
Two 500-watt Reflector Photofloods 36 
Two 500-watt Bie x pee in ‘Kodalite’ 
reflectors ‘ 22 





NOTE: These recommendations give minimum exposure; for subjects of dark tone, the calculated 


exposure may safely be increased by | stop or the lamps moved to three-quarters of the calculated 
distance. 


FM-52 2 


Flashbulb exposures: The flashbulb guide numbers given below apply 
for average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
f/number; conversely, the guide number should be divided by the 
selected finumber to obtain the recommended flashbulb-subject distance. 
These guide numbers serve as a guide to the correct exposure, but should 
be used only as a basis for practical trial. Further information concerning 
the conditions of use may be found in Data Sheet RF-8. 






SHUTTER SPEED 




















FLASHBULB Open Flash} 1/50th | |/l00th | |/200th 
and up or or or 

to 1/30th | 1/60th | 1/125th | 1/250th 

second | second | second | second 


Class M 
*AG.|—2-inch polished reflector : 160+ 140+ L10F 
*No. |, PF.I, {2-inch polished reflector . 100+ 90+ 724 
or Type | 4-inch satin-finish reflector . 125+ 110+ 90t 


No. 5, PF.5, or TRE 5—4 to 5-inch satin- 
finish reflector 


No. 22 or PF. 60—6t to 7. ach Sciainigh 


200¢ | 180+ | 140+ 





reflector 250t 
Class S 

PF.100—6 to 7-inch satin-finish reflector . —_ 
Class FP 

PF.24—4 to 5-inch satin-finish reflector . 72 






PF.45—6 to 7-inch satin-finish reflector . 


* If shallow, cylindrical, or fan-shaped reflectors are used, the guide numbers given in the table should 
be halved. 


t+ With M-synchronization. 

Class M — flashbulbs taking a time of 18-24 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of |/25th second or shorter. May also be used 
with X-synchronization or F-synchronization at shutter speeds of |/30th second or longer. 


Class $ —a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with diaphragm 
shutters with M-synchronization at shutter speeds of !/30th second or longer, and with X-synchro- 
nization or F-synchronization at shutter speeds of I/I5th second or longer. 


Class FP — flashbulbs having a long duration over half-peak; specifically made for use with focal-plane 
shutters. 


Electronic-flash exposures: Guide numbers should be obtained from the 
manufacturer of the equipment or determined by trial. 


Filters: The exposure factors given overleaf show the relative exposure for 
the filters quoted, but they can be only an approximate guide to 
the actual increase in exposure, as they depend on the composition of the 
lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book ‘‘Kodak Wratten Filters”’. 
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KODAK ‘WRATTEN’ 





FILTERS (K2) (G) 
Daylight factor . ‘ 2 2s 8 
Tungsten factor . I It 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must not 
be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: This material should not be developed in any developer 
containing thiocyanate or thiosulphate; the use of either is likely to cause 
dichroic fog. Otherwise, any negative developer may be used, but the 
following Kodak developers are recommended. When using ‘Microdol-X’ 
Developer, the exposure given should be } stop more than normal. 


The developing times are given in the table for gammas of approxi- 
mately 0°55 and 0°7. The lower contrast level is intended for use with 
opal-lamp condenser enlargers, or for subjects which have average to 
high contrast. The higher level is more suitable for subjects of lower 
contrast, or for enlargers with completely diffuse illumination. 





TIME TO PRODUCE 
DILUTION AND : 
TEMPERATURE USE GAMMA OF: 
approx. 0°55 | approx. 0-7 


PUR- 
POSE DEVELOPER 


Fine- 





[+1 at “ 
grain D-76* 20°C (68°F) Small tankt 9 min 
Undiluted at Small tankt 9 min 
pee: ‘Micro: 20°C (68°F) Large tank§ 10 min 
‘ ol- 
Sra me OSE) Small tankt** 12 min 
Available as ‘Kodak’ Packed Developer Powders. For formulae see Data Sheet FY-2. 


* 
t+ Use once only. 
¢ 


In small, daylight, spiral-reel or apron tanks, thorough agitation for 5 seconds at half-minute intervals. 
This category includes daylight tanks which accommodate two or three films at a time. 


§ In 3-gallon tanks with film on spiral reels in a processing basket, or in deep tanks, thorough agitation 
for 5 seconds at one-minute intervals. 


** When using small tanks of a capacity less than 10 fluid ounces for developing one 36-exposure film, 
the developing times given should be increased by about |0 per cent. 


NOTE: For continuous agitation, the times given should be reduced by about 20 per cent. 
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Sensitometric curves 


Development Time (min) 





© Density 


Relative Log. Exposure 0 10 20 30 4 


Characteristic curves for ‘Plus-X’ Pan Miniature Film developed in D-76 developer 

(diluted 1+1) at 20°C (68°F). All time-gamma curves are for intermittent agitation 

in a small tank: the curve for ‘Microdol-X° (diluted 1+3) applies for a temperature 
of 24°C (75°F), the remainder apply for a temperature of 20°C (68°F) 


The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 


Time-temperature curves 


Temperature (°F) 
Temperature (°C) 





2 3 4 5 10 15 20 30 40 


Time of Development (minutes) 


The developing times at various temperatures for the recommended 
developers are shown. Corresponding curves for other developing times 
at 20°C (68°F) can be drawn parallel to that shown for the particular 
developer concerned. Best results are obtained between 18° and 24°C 
(65° and 75°F), and development should not be undertaken at above 
24°C (75°F) without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
Kodak Liquid Stop Bath with Indicator, a solution made up according to 
Kodak formula SB-1 (see Data Sheet FY-4), or in running water, and 
fixed at a temperature of 18°-25°C (64°-77°F). The following ‘Kodak’ 
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fixers are recommended—‘Kodafix’ Solution, AM-33 Rapid Liquid 
Fixer, with or without AM-33H Hardening Additive, ‘Unifix’ Powder, 
Acid Fixer Powder, or a solution made up according to Kodak formula 
F-5 or F-24 (see Data Sheet FY-4). The preferred practice is the use of 
two successive fixing baths. The film should be cleared of all milkiness 
in the first bath and drained back for 5 seconds. It should then be given, 
in the fresh second fixing bath, the same time as was required in the first, 
and drained back for 5 seconds. Ifa single fixing bath is used, the fixing 
time will be twice that needed for clearing. Any fixing bath should be 
discarded when it fails to clear the film in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. After 5 such changes, both 
baths should be discarded. 


For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal commercial requirements, the negatives should be washed 
in running water for 30 minutes at 15°-25°C (59°-77°F) in an efficient 
washing vessel. Alternatively, they may be soaked for 5 minutes with 
occasional agitation in each of 6 complete changes of water. At lower 
temperatures, or with less efficient washing equipment, the times may 
have to be increased considerably. When the reduction of washing time 
or the saving of water is important, ‘Kodak’ Hypo Clearing Agent should 
be used. Full details of the recommendations necessary to ensure 
archival permanence may be found in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at the 
dilution recommended. The negatives should then be dried in a dust- 
free atmosphere. Information concerning rapid drying may be found 
in Data Sheet PR-11. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Plus-X, Tri-X, Panatomic-X, Microdol-X, Kodafix, Kodaflector, Kodalite 
Photo-Flo, Unifix, and Wratten are trade marks 
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KODAK ‘TRI-X’ MINIATURE FILM 


General properties and uses: ‘Tri-X’ is an extreme speed panchromatic 
film of fine grain and wide latitude. Its colour sensitivity is evenly 
balanced throughout the spectrum and is free from undue response to red. 

The principal uses of this 35 mm. film are all those in which the highest 
speed is required, whether by daylight or artificial light. It is particularly 
recommended for action photography or when a very short exposure must 
be used, as in the photomicrography or photography of living specimens. 

This film is coated on safety base, tinted for the prevention of halation. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





3638 40 42 44 46 48 SO $2 S4 56 58 60 62 64 66 68 


36 38 40 42 43 46 48 SO 52 S4 56 SB 60 62 O4 66 68 


| Bue | Green Red uv, | Bue | Green | Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (2848° K.) Noon Sunlight 


The apparent rapid fall in sensitization shown at the left-hand end of 
each curve is a characteristic of the apparatus employed and does not 
give a true indication of the ultra-violet sensitivity of the material. 


Exposure indices: These figures are suitable for use with exposure meters 
and calculators based on the British Standards Institution or the American 
Standards Association system (see Data Sheets RF-1 and SE-1). 








Exposure Indices Daylight Tungsten 
Logarithmic 34 33° 
Arithmetical 200 160 





Daylight exposures: When processed in D.76 Developer, the following 
exposures are approximately correct during summer in temperate 
latitudes (and in the tropics all the year round). In winter the lens aper- 
ture should be opened by about one stop. Within two hours of sunrise or 
sunset the aperture should be opened by one or more stops further than 
the setting for the season. When using ‘Microdol’ developer the aperture 
should be opened by about half a stop. 


Brilliant Bright Average Shaded 
Subject Subject Subject Subject 


Weather 


Condition Exposure 


Bright sun. . | 1, 100th sec. 


Hazy sun . . | 1/100th sec. 
Cloudy-bright | 100th sec. 
Cloudy-dull | | 1/50th sec. 
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WARNING: This material shou!d not be FM-53 
developed in DK.?0 developer, nor in any 

other developer containing thiocyanate or 

thiosulphate; their use is likely to cause 

dichroic fog. 


Hazy sun is sufficient to cast a slight shadow of well-defined objects, such 
as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. | Photoflood lamps in ‘Kodaflector’ 
reflectors or two No. 2 lamps in ‘Kodalite’ reflectors, in an average room 
or studio with light walls, the exposure will be approximately :— 


Distance of Lamps from Subject (ft.) 9 10 


1/50thsecondat . . . . f8 | f63)f 5-6) 64:5] £4 | f 3-5 





Flashbulb exposures: The flashbulb guide numbers given below apply for 
average subjects in a studio or large room when using a reflector suitable 
for the particular flashbulb. The guide number should be divided by the 
selected flashbulb-subject distance (in feet) to obtain the recommended 
fjnumber. These guide numbers serve as a guide to the correct exposure, 
but should be used only as a basis for practical trial. Further information 
concerning the conditions of use may be found in Data Sheet RF-8. 


FLASHBULBS 


SHUTTER @ Class M Class | Class £° 


No. 
Pepe | PF.38 PF.100 | PF.24 | PF.45 


Open flash, | 25th 
and 150th sec. 125 | 175 | 230 300 


| 100th sec. 100 | 136 | 180 | 230 





Example—Shurter speed of |/25th second using a PF.60 flashbulb 450 20 ft. f/22, or f/9 x 50 fe. 


Class F—a flashbulb taking a time of 8-12 milliseconds to reach peak, and suitable for use with simple 
synchronized cameras or with between-lens shutters having F-synchronization. May also be used 
with X-synchronization at shutter speeds of |/25th second or longer. 


Class M—aflashbulb taking a time of 20-25 milliseconds to reach peak and suitable for use with synchronized 
between-lens shutters with M-synchronization. May also be used with F-synchronization or X- 
synchronization at shutter speeds of 1/25th second or longer. 


Cluss S—a flashbulb taking a time of 30 milliseconds to reach peak, and suitable for use with between-lens 
shutters with M-synchronization or F-synchronization at shutter speeds of | ’25th second or longer, 
and with X-synchronization at shutter speeds of 1/10 second or longer. 


Class FP—flashbulbs having a long duration over half peak; specifically made for use with focal-plane 
shutters. 
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Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the book “Wratten 
Light Filters”’. 





Kodak ‘Wratten’ Filters 8 (K2) 9 (K3) W(X) 15 (G) 25 
Daylight factor . . . I} It 4 2 8 
Tungsten factor Ik Ip 4 2 4 





Safelight recommended: Indirect lighting: ‘Wratten’ Series 3 (green). 


Development: Any negative developer may be used but the following 
Kodak developers are recommended. In the table below the first- 
mentioned developer is the main recommendation. Irrespective of whether 
a dish or a tank is used, the time should be taken in accordance with the 
agitation employed :— 

Time at 68° F.(20° C.) 


Purpose Developer Dilution Agitation to produce gamma of: 
approx. 0-8 | approx. 0-65 


Continuous Il min. 7 min. 


é i ‘ i 
Fine pratn Bas Undilured. Intermittentt} 14 min. 9 min. 


Continuous 14 min. 9 min. 


Extra-fine ects a r ' 
grain Micredel ndilaced: Intermittentt | 17 min. IT min. 


2 





* Available as ‘Kodak’ packed developer powders. For formulae see Data Sheet FY-2. 
+t Thorough but brief agitation at one-minute intervals. 


Sensitometric curves 


10 12) «14 
Development Time (min) 





Density 





° 


Relative Log. Exposure 0 10 20 3-0 4 
Characteristic curves for ‘Tri-X’ miniature film 
in D.76 developer (undiluted) at 68° F. 
The data on which these curves are based are for the average product. 
For accurate scientific work, curves should be determined under the actual 
working conditions. 
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Time-temperature curves 75 


Ee ISU Teo ae 
PEST 
Pt TT TTP EE 
LT TTT ETS TT 


10 1S 20 30 40 
ee ze Development (minutes) 


70 






65 


60 


Temperature (°F) 


55 


The developing times at various temperatures corresponding to 7 and 
9 minutes at 68° F. are shown. Corresponding curves for other develop- 
ment times at 68° F. can be drawn parallel to those shown. Best results 
are obtained between 65° F. and 70° F. and development should not be car- 
ried out above 75° F. without special precautions (see Data Booklet GN-5). 


Fixing, washing and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator or in running water, and fixed 
at a temperature of 65°—70° F. (18°—21° C.) in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder or a fixing 
solution made up according to Kodak formula F.54a. The preferred 
practice is to use two successive fixing baths. The film should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. Ifa single fixing bath is used 
the fixing time will be twice that needed for clearing. Any fixing bath 
should be discarded when it fails to clear in 10 minutes; then, when using 
the two-bath method, the first bath should be replaced with the second 
bath and a fresh second bath made up. 


For normal requirements the negative should be washed in running 
water for 30 minutes at 60°—70° F. (16°—21° C.) in an efficient washing 
vessel. Alternatively, it may be soaked for 5 minutes in each of 8 complete 
changes of water. At lower temperatures, or with less efficient washing 
equipment, the times may have to be increased considerably. When a 
low degree of permanence is acceptable, e.g., when the negative is required 
immediately, but is not to be kept, the times may be reduced; under these 
circumstances only a brief rinse may be adequate. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Tri-X, Wratten, Microdol, Kodaflector, Kodalite and 
Photo-Flo are trade marks 
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35mm ‘KODAK’ QUICK-FINISH 
PANCHROMATIC FILM 





General properties and uses: Quick-Finish is a special, medium-speed, 
panchromatic film which is manufactured for ultra-high-speed processing. 
It is able to withstand abnormally high processing temperatures while still 
maintaining excellent photographic quality. 

Its uses embrace all those applications where a negative is required in 
the shortest possible time, and include race-finish photography, press work, 
clinical photography, the rapid production of short lengths of oscilloscope 
traces, and many other types of recording. This film may also be used for 
general photography under all conditions where a miniature film would 
normally be used; in these circumstances it is recommended that the 
film be developed in D-76 developer. 

It is coated on a base of safety type which is tinted for the prevention of 
halation. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





rN 
ACCC 










Pritts 
PCC ¥ prt 
ryt PCT 





% WW 42 4 3 M% 3 42 44 4 48 50 52 54 56 58 60 62 64 66 68 
uv. | ble i Ci , nee uv. | Blue | Green | Red 
Sensitivity Curve to Tungsten Sensitivity Curve to Mean 
Light (3200 K) Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensititivity of the material. 


Speed figures: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds, and apply for exposure by either daylight or 
tungsten light (see Data Sheets RF-1 and SE-1). 

When using Quick-Finish Developer diluted 1-- 1, or D-76 developer 
(undiluted) as recommended on page 3:— 


B.S. ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 





50 28° 18 
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When using undiluted Quick-Finish Developer as recommended on 
page 3:— 


B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


80 30° 20 





Daylight exposures: The following exposures are approximately correct 
during summer in temperate latitudes (and in the tropics all the year 
round). In winter the lens aperture should be opened by about one stop. 
Within two hours of sunrise or sunset the aperture should be opened by 
one or more stops further than the setting for the season. This table 
applies when using Quick-Finish Developer diluted 1--1, or D-76 
developer (undiluted); if Quick-Finish Developer is used undiluted, the 
lens aperture should be closed by about half a stop. This table applies 
for a shutter speed of 1.100th or 1 125th second:— 


Weather Brilliant Bright Average Shaded 
Condition Subject Subject Subject Subject 


Bright sun 


Hazy sun . 
Cloudy-bright 
Cloudy-dull . 





Hazy sun is sufficient to cast a slight shadow of well-defined objects, 
such as posts, tree-trunks, etc., while cloudy-bright is not. 


Brilliant subjects : Coastal, marine and snow scenes; distant landscapes 
and mountains without prominent dark objects in the foreground. 


Bright subjects: Near objects at sea or on the coast; landscapes with 
foreground objects. 


Average subjects: Groups, garden scenes, buildings, etc., in the open. 
This classification should be used if in doubt. 


Shaded subjects: Groups, garden scenes, buildings, etc., in which the 
main subject matter is shaded but not in heavy shadow. 


Photoflood exposures: Using two No. 2 lamps in ‘Kodalite’ reflectors, in 
an average room or studio with light walls, the exposure will be approxi- 
mately as given in the table opposite. This table applies when using Quick- 
Finish Developer, diluted 1 -- 1, or D-76 developer (undiluted); if 
Quick-Finish Developer is used undiluted, the lens aperture should be 
closed by about half a stop. No. 1 Photoflood lamps in ‘Kodaflector’ 
reflectors require 1 stop more. 
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Distance of Lamps from 
Subject (ft) 


150th or 160th 
secondat .. . 





Filters: Exposure factors given below show the relative exposure for the 
‘Wratten’ filters quoted, but they can be only an approximate guide to 
the actual increase in exposure as they depend on the composition of the 
lighting. Further details of these and other filters can be found in the 
Data Sheets on specific filters and in the book “Wratten Light Filters”’. 


Kodak ‘Wratten’ Filters 


Daylight factor . 2 


Tungsten factor . I 





Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 3 
(dark green). 


Development: The developer normally recommended for this film is 
‘Kodak’ Quick-Finish Developer Powder, which is available as a packed 
chemical. It may be used either undiluted or diluted one part to one part 
of water as preferred. The recommended developer temperature is 110°F 
(43°C). 

When the developer is used diluted 1 -;- 1, the film should be developed 
for 6 seconds with constant and vigorous agitation. 


When the developer is used undiluted, the film should be developed for 
4 seconds with constant and vigorous agitation. 


Over-development, which produces only an excess of fog with no 
advantages, should be avoided. 


The following table provides some information on the time-temperature 
relationship. The figures in the body of the table represent seconds :— 


103°F (40°C) | I10°F (43°C) | 114°F (45°C) 


Diluted! 4+ 1. 10 
Undiluted . 6 





If required, however, particularly when used for general miniature 
photography, the film may be developed in D-76 developer (undiluted) for 
64 minutes with continuous agitation, or 8} minutes with intermittent 
agitation (thorough but brief agitation at one-minute intervals), at 68°F 
(20°C). 
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In race-finish recording, it is sometimes desirable to produce a negative 
somewhat thinner than normal and to print it on to a hard grade of 
bromide paper (e.g., ‘Kodak’ Bromide WSG.3S). 


Clearing, fixing, washing, and drying: For immediate use the film should 
be immersed, without rinsing, in a solution made up from the packed 
chemical, ‘Kodak’ Quick-Finish Fixer Powder, until the film clears, which 
will be in about 10 seconds at 110°F (43°C). This time in a fresh solution 
is sufficient to clear the negative so that after a very brief rinse it may be 
printed wet. Ifa dry negative is required, the film should be washed in 
running water in an efficient washing vessel for 10 minutes, and rinsed 
for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in the 
dilution recommended. It will be found to dry very rapidly, particularly 
if assisted by heat. If the negatives are to be kept, and a high degree of 
permanence is required, the film should subsequently be re-immersed in 
the fixer for 2 minutes, and again washed and dried as above. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Kodaflector, Kodalite, Wratten, and Photo-Flo are trade marks 
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35mm ‘KODAK’ FINE-GRAIN POSITIVE FILM 


General properties and uses: This 35mm film has a low-speed, blue- 
sensitive, fine-grain emulsion capable of a reasonably high contrast and 
having a high resolving power. It is normally used for the making of 
positive transparencies—film-strips—from negatives on 35 mm miniature 
film, but it is equally suitable for the making of negatives. 

It is coated on a 0:0055 inch clear base of safety type which is unbacked. 


Sensitization: Sensitive to ultra-violet and to blue light only :— 





08 © 42 4 46 48 50 52 54 56 S58 OO 62 ot oe 
uv. | Bue | Green| Red 


Sensitivity curve to Tungsten Light (3200°RK) 


The apparent rapid fall in sensitivity shown at the left-hand end of this 
curve is a characteristic of the apparatus employed and does not give a 
true indication of the ultra-violet sensitivity of the material. 


Speed: As this film is used normally only for printing, in which the 
effective speed of the material depends upon the conditions of use, no 
figures can be given. 


Exposure: For contact printing, approximately 8 to 20 seconds is required 
at 6 feet from a 60-watt pearl bulb, depending on the density and contrast 
of the negative. 


Safelight filter recommended: Indirect or direct lighting: ‘Wratten’ 
Series OB (lime-yellow). 


Development: Any negative developer may be used but the following 
Kodak developer is recommended :— 


Mode Time at 
Purpose Developer Dilution of Use Agitation Contrast 68°F (20°C) 


Making Dish or According 
positives 143 tank | Continuous | to negative | 14-2 min 
contrast 





* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed 
at a temperature of 65°-75°F (18°-24°C). The following are recom- 
mended— ‘Kodak’ Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer 
Powder, ‘Kodak’ AM-33 Rapid Liquid Fixer, with or without AM-33H 
Hardening Additive, ‘Kodafix’ Solution, or a solution made up according 
to Kodak formula F-5 or F-24 (see Data Sheet FY-4). The preferred 
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practice is to use two successive fixing baths. The film should be cleared 
of all milkiness in the first bath and drained back for 5 seconds. It should 
then be given, in the fresh second fixing bath, the same time as was required 
in the first, and drained back for 5 seconds. If a single fixing bath is 
used, the fixing time will be twice that needed for clearing. Any fixing 
bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 


Sensitometric curve 40 


The data on which this 
curve is based are for the 
average product. For accu- 
rate scientific work, curves 30 
should be determined under 
the actual working conditions. 


20 
1-0 
Characteristic curve for Fine- > 
Grain Positive Film, developed 3 
in D-163 developer (diluted 2 
1+3) for 2 minutes at 68°F 0 1-0 2-0 3-0 40 


(20°C). 


Relative Log. Exposure 


For rapid processing, or when a low degree of permanence is accept- 
able, the film can be cleared in the fixer and washed briefly; fixing and 
washing should be completed later if a permanent record is required. 

For normal requirements the positives should be washed in running 
water for 30 minutes at 60°-75°F (16°-24°C) in an efficient washing 
vessel. Alternatively, they may be soaked for 5 minutes in each of 6 
complete changes of water. At lower temperatures, or with less efficient 
washing equipment, the times may have to be increased considerably. 
When the reduction of washing time or the saving of water is important, 
‘Kodak’ Hypo Clearing Agent should be used. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, 
in the dilution recommended. 

The positives should then be dried in a dust-free atmosphere. 

Information concerning rapid drying may be found in Data Sheet PR-11. 

Full details of the recommendations necessary to ensure archival 
permanence may be found in Data Sheet RF-6. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 


Kodak, Kodafix, Photo-Flo, and Wratten are trade marks 


Kodak Data Sheet KODAK LIMITED LONDON 
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KODAK ‘SUPER-XX’ AERO FILM 


General properties and uses: ‘Super-XX’ Aero is the general-purpose film 
for the production of aerial photographs by day or night for military or 
civil purposes. It possesses high sensitivity, and development, which is 
normally required to give a high contrast, may be modified to allow a lower 
contrast, according to the result required, with no loss in quality. Its red 
sensitivity is rather higher than that of most normal panchromatic films; 
this allows a greater relative speed when used with haze-cutting filters. 

In order that maps may be plotted accurately from aerial photographs, 
“Super-XX’ Aero film is coated on a special low-shrink topographic 
support having a high degree of dimensional stability. The base is of 
safety type and, as is usual with aero films, no anti-halation backing is 
provided. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 





uv. | Bue | Green | Red 


Sensitivity Curve to mean Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of the 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or 
DIN (logarithmic) speeds (see Data Sheets RF-1 and SE-1). 


B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


100 31° 21 





Resolving power: 35 lines per millimetre for test-object contrast of 1°5:1. 
In practice, with a camera in an aircraft and a normal type of mount, the 
resolving power obtained will usually be somewhat lower. 


Filters: Exposure factors given overleaf show the relative exposure for the 
filters quoted but they can be only an approximate guide to the actual 
increase in exposure, as this depends on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets 
on specific filters and in the book ‘“‘Wratten Light Filters’’. 
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Kodak ‘Wratten’ Filters 


Daylight factor . 





Exposure: This table may be used as a guide to the correct aperture for 
vertical photography above 5,000 feet when using no filter and a shutter 
speed of 1/300th second. For vertical photography below 5,000 feet, one 
or two stops larger should be used. For full oblique shots, use one stop 
smaller. The table is set for latitude 52° N. 


TIME—G.M.T. 


. 20 to Jan. 
24 to Feb. 
7 to Feb. 

. 19 to Feb. 
Mar. 1! to Mar. 
Mar. II to Mar. 
Mar. 21 to Mar. 
Mar. 31 to April 9 
April 10 to April 20 
April 21 to May 3 
May 4 to May 
May 19 to July 
July 26 to Aug. 
Aug. II to Aug. 
Aug. 23 to Sept. 
Sept. 3 to Sept. 
Sept. 13 to Sept. 
Sept. 24 to Oct. 
Oct. 4 to Oct. 
Oct. 14 to Oct. 
Oct. 25 to Nov. 
Nov. 6 to Nov. 





Development: The following table is based on the use of a continuous- 
processing machine or a spool tank. Reduced times may be given when 
a lower contrast is desired. 
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Approx. Time at 


Purpose Developer Dilution Contrast 68°F (20°C) 


High contrast 
Moderate contrast 


y 1-75 20 min 
y 1-50 14 min 


} D-19b* Undiluted { 





* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 


Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 3 (dark 
green). 


Sensitometric curve ae 


The data on which this curve 

is based are for the average 
product. For accurate scien- 

tific work, curves should be 30 
determined under the actual 
working conditions. 


20 
Characteristic curve for Kodak = 
‘Super-XX° Aero film devel- 
oped in undiluted D-19b devel- 2 
oper for 14 min at 68°F. é 
a 
0 1-0 20 3-0 40 
Relative Log. Exposure 
Time-temperature curves iB TT TTT et) 
(\ 










Lo 
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COTTIENSO 
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10 IS 20 30 40 


‘ite . Development (minutes) 


Temperature (°F) 


The developing times at various temperatures corresponding to 14 and 
20 minutes at 68°F are shown. Corresponding curves for other develop- 
ment times at 68°F can be drawn parallel to those shown. Best results 
are obtained between 65° and 70°F and development should not be 
carried out above 75°F without special precautions (see Data Booklet 
GN-5). 


Fixing, washing, and drying: The film should be rinsed in water and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener or ‘Kodak’ Acid 
Fixer Powder for twice the time taken to clear (in all, about 10 minutes in 
a fresh bath). Alternatively, a solution made up according to Kodak 
formula F-5 (see Data Sheet FY-4) may be used for the same time when 
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an acid hardening fixing bath is required. 20 minutes’ washing in run- 
ning water is sufficient for most purposes. Drying marks may be 
obviated by rinsing the negatives for 30 seconds in Kodak ‘Photo-Flo’ 
solution, in the dilution recommended. The negatives should then be 
dried in a dust-free atmosphere. 


Sizes available: The following sizes are available subject to conditions 
prevailing at time of ordering :— 


Duplex Paper 
Film Size Perforated Leader and 
Trailer 


Szin. x 8ft No Yes 5; xX 2gin. 
t5zgin. »~ 20ft With or x 2gin. 
without 


wn 


Shin. x 24ft 
Shin. x 47ft X 2gin. 
5gin. 11 2fc x 43in. 

Stin. < 1N2ft _ 
Yin. x 155ft i x 4gin. 
9in. < 155ft x 4gin. 
9in. * 300ft « 5Sgin. 
300ft x Sgin. 
« 7Sft x 4gin. 

< 30m — 
< 165ft 94 x 4fin. 
(pin drive) 
~ 165ft 94 x 42in. 
(tongue drive) 
165ft With or 95 x 55%in. 

without 
~ 170ft 


200ft 4 x 54%in. 

. < 250ft 4 x Stein. 

9tin. ~ 430ft 4 x Thin. 
70mm x 100ft Both edges 
t8cm x 5m Both edges or 
not perforated 


« gin. 


wwowvovo unn 


nv 


tl3cm «x 30m 
t19cm x 5m 
tl9cm ~< 40m 
19cm ~ 60m 
19cm < 60m 
+24cm < 30m 
$32cm >< 60m 





* All spool sizes are according to British Standard 2940:1958. 

+ These film sizes are additional to those contained in British Standard 2696:1956. 

¢ | inch internal diameter cardboard core. 

§ Linch internal diameter metal core for Vinten cameras URCH and URCL (Service reference F.95 Mk. 2). 





The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Super-XX, Wratten, and Photo-Flo are trade marks 
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‘KODAK’ RECORDING FILMS 


General properties and uses 


R.55 High-Speed Ortho Recording Film has a high-contrast emulsion 
coated on a clear, unbacked, safety base approximately 0°005 inch thick. 
It is a general-purpose recording film suitable for many types of recording 
when a white, blue or green light source is used. It is recommended for 
cathode-ray oscillograph recording when high writing speeds are used, 
and for use in instruments having fast-moving light spots. 

‘Linagraph’ Pan R.60 Film is an extremely fast film of medium contrast, 
having a tinted, unbacked, safety base of approximate thickness 0-005 
inch. It is recommended for recording work in which the highest speed 
is required; for use in instruments having very fast-moving light- 
spots; and for cathode-ray oscillograph recording when blue or red 
screens and high writing speeds are used. 


Sensitization: The sensitivity curves of the two films to tungsten light 
(3200°K) are shown below :— 


R.55 Recording Film is sensitive to ultra-violet, blue, and green :— 





36 38 40 42 44 46 48 SO $2 Sd S6 SR 60 62 64 66 68 
Hl 


1 
uy I Blue Greer Rec 


‘Linagraph’? Pan R.60 Film is sensitive to ultra-violet and to the 
visible spectrum :— 


36°38 40 42 44 46 48 50 S2 54 S6 58 60 62 64 66 68 


uv. | Blue | Green | Red 


The apparent rapid fall in sensitivity shown at the left-hand end of each 
curve is a characteristic of the apparatus employed, and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Relative speed: The figures in the following table represent the relative 
sensitivities of the two films, at an exposure time of 1 millisecond, to 
tungsten light (3200°K) unfiltered, filtered by the ‘Wratten’ Filter No. 
47B (deep blue), and filtered by the ‘Wratten’ Filter No. 58 (green). 
R.60 film is taken to be 100 in all three cases. These figures may serve as 
a guide, but the exact exposure should be ascertained by practical trial. 
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Tungsten Blue light— Green light— 


pe light (3200°K) ‘Wratten’ No. 47B ‘Wratten’ No. 58 


60 80 





90 


Safelighting 

R.55—Indirect lighting: ‘Wratten’ Series 2 (dark red). 

R.60—Total darkness is recommended for complete freedom from safe- 
light fog. However, if indirect safelighting is customarily used for gen- 
eral room illumination when handling this material, the light must not 
be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: Rapid-processing recommendations are given under that 
heading on page 4; for normal processing the following recommendations 
should be followed. 

‘Kodak’ DX-80 Developer should be used for preference, as changes in 
its dilution allow development times to be altered to produce a constant 
degree of contrast—a useful characteristic for users of continuous- 
processing machines. Alternatively, a solution made up according to 
Kodak formula D-19b (see Data Sheet FY-2) should be used. 

The developing times in the table are given as a guide; the gamma 
values obtained are approximately 1°5 for R.55, and 1:0 for R.60 film. 
Exact practice will depend upon the apparatus employed and the 
conditions of use, but DX-80 should not be used at concentrations 
greater than the 1 + 2 dilution recommended; higher concentrations 
will not reduce the developing time. Serious over-exposure should 
be avoided, especially where image accuracy is of prime importance, 
as it may tend to produce a spreading of the lines. Further infor- 
mation concerning development may be found in Data Sheet PR-4. 

Irrespective of whether a dish or a tank is used, the time should be 
taken in accordance with the agitation employed. 















Time at 





























Film Developer Dilution Agitation 68°F (20°C) 
144 f| Continuous 3% min 
Intermittent* 4 min 
(|  Dx-80* 

R.55 | . : ies 
J 142 {| Continuous 4 min 
and | Up Intermittent* 3 min 
“19h + : J | Continuous 4 min 
| Be: { endiuced | Intermittent? 5 min 


* Available as a ‘Kodak’ Liquid Developer. For formula see Data Sheet FY-2. 
+ Thorough but brief agitation at one-minute intervals. 
+ Available as a ‘Kodak’ Packed Developer Powder. 
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Time-temperature curves 





Temperature (°F) 


2 3 4 5 10 1S 20 30 40 


Time of Development (minutes) 


The developing times at various temperatures corresponding to 3} and 4 
minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 


Fixing, washing, and drying: The film should be rinsed in a solution 
of ‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and 
fixed at a temperature of 65°-75°F (18°-24°C) in a solution of ‘Kodak’ 
Acid Fixing Salt with Hardener, ‘Kodak’ Acid Fixer Powder, in ‘Kodafix’ 
Solution, or in a solution made up according to Kodak formula F-5 (see 
Data Sheet FY-4). The stop bath may be omitted when the rapid pro- 
duction of records is of greater importance than the shortening of the 
life of the fixer. 

When permanence is a prime consideration, fixing should be thorough, 
and the preferred practice is the use of two successive fixing baths. In 
many cases, however, the use of a single fixing bath will be adequate; 
when such a bath is used, the fixing time will be twice that needed for 
clearing. When two successive fixing baths are used, the film should be 
cleared of all milkiness in the first bath and drained back for 5 seconds. 
It should then be given, in the fresh second fixing bath, the same time 
as was required in the first, and drained back for 5 seconds. Any 
fixing bath should be discarded when it fails to clear in 10 minutes; then, 
when using the two-bath method, the first bath should be replaced with 
the second bath and a fresh second bath made up. After 5 such changes, 
both baths should be discarded. 

Adequate washing for most purposes, when permanence is unimport- 
ant, can be obtained in 8 minutes in running water. For requirements 
of permanence, the records should be washed in running water for 30 
minutes at 60°-75°F (16°-24°C) in an efficient washing vessel. Alter- 
natively, they may be soaked for 5 minutes in each of 6 complete changes 
of water. At lower temperatures, or with less efficient washing equip- 
ment, the times may have to be increased considerably. Washing times 
may be greatly reduced, without impairing the permanence of the 
records, by the use of ‘Kodak’ Hypo-Clearing Agent. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in the 
dilution recommended. 

The records should then be dried in a dust-free atmosphere. 

Further information concerning fixing, washing, and drying may be 
found in Data Sheet PR-4. 

Full details of the recommendations necessary to ensure archival perm- 
anence may be found in Data Sheet RF-6. 
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Rapid-processing recommendations: When processing must be com- 
pleted in the shortest possible time, the following procedure is recom- 
mended: the film should be developed in a solution of either ‘Kodak’ 
DX-80R Replenisher (used as a developer), or ‘Kodak’ Quick-Finish 
Developer Powder for the times given below. 


Time at 


Film Developer Dilution Agitation 68°F (20°C) 
R.55 DX-80R 142 Continuous 30 sec 
and and 
R.60 Quick-Finish I+] J vigorous 40 sec 





It should then be rinsed in a solution of ‘Kodak’ Liquid Stop Bath with 
Indicator, or in an acid stop bath made up according to Kodak formula 
SB-1 (see Data Sheet FY-4), for 10 seconds, and cleared in a solution of 
either ‘Kodak’ AM-33 Rapid Liquid Fixer, with or without ‘Kodak’ 
AM-33H Hardening Additive, or ‘Kodak’ Quick-Finish Fixer, according 
to the instructions packed with these products. 

Ashort rinse in running water should be given before drying the records 
in a dust-free atmosphere. Various methods of rapid drying are given in 
Data Sheet PR-11, ‘““Chemical Aids to Rapid Drying’’. 

If the records are required to be kept, they should subsequently be 
treated in accordance with the section above—‘Fixing, washing, and 
drying”’. 


Availability: Full details of the scheduled sizes of these recording films 
may be found in Data Sheet SE-8, ‘“‘Characteristics, Choice, and Avail- 
ability of ‘Kodak’ Recording Materials”. 


The characteristics of the films given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 


Kodak, Wratten, Photo-Flo, Linagraph, are trade marks 
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‘MICRODAK’ PANCHROMATIC SAFETY FILM 


General properties and uses: ‘Microdak’ Film is a 35mm film made 
specifically for the production of miniature copies of radiographs. It has 
an exceptionally long exposure scale so that it may record correctly the 
wide range of densities normal in medical radiographs. It has a 
medium-contrast panchromatic emulsion of extremely fine grain and high 
resolving power, capable of producing intermediate positive images which 
can subsequently, if required, be enlarged to the same size as the original 
radiographs. In order to avoid dust, finger marks or scratches, etc., which 
may mar any required enlargement, this film should be handled with 
care. Atno stage should the emulsion side of the film be touched by hand. 

In order that the full capabilities of the film can be used, it is essential 
that all the equipment used in the copying procedure should be fitted with 
optical systems of the highest possible resolving power. 

In the perforated 35mm form this film is especially suitable for expo- 
sure in the Recordak ‘Micro-File’ Camera Model A.H.5, in conjunction 
with the Recordak ‘Micro-File’ Illuminator. Unperforated film is 
suitable for exposure in the Radiograph ‘Micro-File’ Machine, Model I, 
made by the Eastman Kodak Company of the U.S.A. 

As an alternative to the production of duplicate radiographs by the use 
of intermediates made on this film, copies can be produced in the form of 
lantern slides, film-strips, or paper prints. 

The film is coated on a base of safety type which is tinted for the pre- 
vention of halation. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum. 


Exposure: The correct exposure must be determined by trial with the 
particular equipment being used and the quality of the original radio- 
graphs concerned. Until sufficient experience has been gained the 
adequacy of the exposure given should be confirmed by making enlarge- 
ments from the records obtained. 

Some guidance concerning correct exposure is given in the instruction 
literature with the Recordak ‘Micro-File’ Illuminator mentioned 
above. 


Safelight filter recommended: Indirect lighting: ‘Wratten’ Series 3 
(dark green). 


Development: Particularly when making large numbers of records from 
radiographs of various quality, the development of the film should be 
carefully standardized. Lengths of film up to 100 feet can be developed in 
the ‘Kodak’ 35mm Spiral Film Processing Outfits, with which the following 
procedure is recommended. However, the processing technique used 
may demand some variation in development time in order to secure records 
of the required contrast. 
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Development should be undertaken in Kodak ‘Microdol’ Developer 
for 6 minutes at 68°F (20°C).* After its initial immersion in the developer, 
the loaded spiral should be gently raised and lowered, and rotated in a 
counter-clockwise direction, for 10 seconds; this should be repeated at the 
beginning of each subsequent minute of development. With other 
apparatus it is recommended that normal intermittent agitation be given 
(thorough but brief agitation at one-minute intervals). 


NG 
‘ HS 


Time-temperature curve 7s 






Temperature (°F) 


10 "is 20 30 40 
aes x Development (minutes) 


The developing times at various temperatures corresponding to 6 minutes 
at 68°F are shown. Corresponding curves for other development times 
at 68°F can be drawn parallel to that shown. Best results are obtained 
between 65° and 70°F and development should not be carried out above 
75°F without special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in a solution of 
‘Kodak’ Liquid Stop Bath with Indicator, or in running water, and fixed at 
a temperature of 65°-70°F (18°-21°C) in a solution of ‘Kodak’ X-ray Fixer 
Powder, or ‘Kodak’ Acid Fixing Salt with Hardener. Neither non- 
hardening fixing baths nor those containing chrome alum should be used. 

The preferred practice involves the use of two successive fixing baths. 
The film should be cleared of all milkiness in the first bath and drained 
back for 5 seconds. It should then be given, in the second fresh fixing 
bath, the same time as was required in the first, and drained back for 5 
seconds. Ifa single fixing bath is used the fixing time will be twice that 
needed for clearing. In order to ensure maximum hardening, which is 
essential, the total fixing time, even in a fresh bath, should not be less 
than 5 minutes. Any fixing bath should be discarded when it fails to 
clear the film in 10 minutes; then when using the two-bath method, the 
first bath should be replaced with the second bath and a fresh second bath 
madeup. After 5 such changes, both baths should be discarded. 

For normal requirements the film should be washed in running water 
for a maximum time of 20 minutes at 60°-70°F (16°-21°C) in an efficient 
washing vessel. Alternatively, it may be soaked for 5 minutes in each of 4 
changes of water. At lower temperatures or with less efficient washing 
equipment the times may have to be increased considerably. When a low 
degree of permanence is acceptable, e.g., film required immediately but 
once only, the times may be reduced; under these circumstances only a 
brief rinse may be adequate. 


* X-ray developers, e.g., D-19b, DX-80, should not be used. 
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Where higher degrees of permanence are required, reference should be 
made to the recommendations in Data Sheet RF-6. 

The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, in 
the dilution recommended. The film should then be dried in a dust-free 
atmosphere. 


The characteristics of the film given on this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
WRATTEN 
MICRODAK 
RECORDAK 
MICRO-FILE 
MICRODOL 
PHOTO-FLO 


Kodak Data Sheet KODAK LIMITED LONDON 
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KODAK ‘PANATOMIC-X’ AERO FILM 


General properties and uses: ‘This is a medium-speed, extra-fine-grain, 
panchromatic film having an extended red sensitivity. It has a high 
resolution and is intended for the production of aerial photographs for 
military or civil purposes principally in aerial survey work, where its high- 
sharpness characteristics are a significant asset. Its high resolving power 
allows a greater area to be covered at a higher altitude than with ‘Super-XX’ 
Aero Film, or a higher resolution to be obtained at the same altitude. It 
permits the resolving power of the latest types of aerial-camera lenses to 
be fully exploited. 


The emulsion is specially hardened in manufacture to alow minimum 
water absorption, and, consequently, a rapid drying time. 


The base is a clear, anti-static, topographic, safety support and, as is 
usual with aero films, no anti-halation backing is provided. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 
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Sensitivity Curve to Mean Noon Sunlight 


The apparent rapid fall in sensitivity shown at the left-hand end of this 
curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Meter settings: These figures are suitable for use with exposure meters 
and calculators scaled in B.S./ASA (arithmetical) B.S. (logarithmic), or 
DIN (logarithmic) speeds (see Data Sheets RF-1 and SE-1). 





B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


25 25° 15 





Resolving power: 55 lines per millimetre for test-object contrast of 1:5:1. 
In practice, with a camera in an aircraft and a normal type of mount, the 
resolving power obtained will usually be somewhat lower. 
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Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets on 
specific filters and in the book “‘Kodak Wratten Filters’. 


Kodak ‘Wratten’ Filters 8 (K2) Sono 15 (G) 


Daylight factor .... 








Safelighting: Total darkness is recommended for complete freedom 
from safelight fog. However, if indirect safelighting is customarily used 
for general room illumination when handling this material, the light must 
not be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: The following times are for developing with continuous 
agitation. With less vigorous agitation longer times must be given. 






Time at 68°F (20°C) to 
produce gamma of: 








Developer Dilution 


approx. 1°45 approx. 13 approx. 1-2 


Undiluted 





|| minutes 64 minutes 44 minutes 


* Available as a ‘Kodak’ Packed Developer Powder. For formula see Data Sheet FY-2. 
Time-temperature curves 


1S 24 






< o 
\ 70 nue 
g ns g 
8 IR 8 
& 65 IN I & 
" AS Sinai ; 

60 1155 


10 


Time of Development eae 


The developing times at various temperatures corresponding to 43, 63, 
and 11 minutes at 68°F (20°C) are shown. Corresponding curves for 
other developing times at 68°F (20°C) can be drawn parallel to those 
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shown. Best results are obtained between 65° and 75°F (18° and 24°C), 
and development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in water and 
fixed in a solution of ‘Kodak’ Acid Fixing Salt with Hardener or ‘Kodak’ 
Acid Fixer Powder for twice the time taken to clear (in all, about 10 minutes 
in a fresh bath). Alternatively, a solution made up according to Kodak 
formula F-5 (see Data Sheet FY-4) may be used for the same time when 
an acid hardening-fixing bath is required. 

Washing for 20 minutes in running water is sufficient for most purposes. 


The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negatives should then be dried in a 
dust-free atmosphere. 


Sizes available: The following sizes are available subject to conditions 
prevailing at time of ordering :— 


Duplex Paper 


Film Size Perforated Leader and On Core On Spoo!l* 
Trailer 
Sin. x «155ft One Edge 9 x 4Bin. 
9in. x 300ft One Edge 9 x 5SZin. 
9gin. x 165ft No 94 x 4Bin. 
(pin drive) 
9sin. x 165ft No 94 x 4Zin. 
(tongue drive) 
Qin. < 165ft ey 94 3 Soin. 
9gin. «x 250ft 93 &< Stein. 
70mm x 100ft Both edges = 
$190mm x 40m No 190 x 135mm 
190mmx 60m No 190 x 135mm 





* All spool sizes are according to British Standard 2940:1958. 
¢ l-inch incernal-diameter metal core for Vinten camera VRCH. 
t This film size is additional to those included in British Standard 2696:1956. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
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SUPER-XX 
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KODAK ‘PLUS-X’ AEROGRAPHIC FILM 





General properties and uses: A panchromatic negative material having 
extended red sensitivity, high speed, high contrast, fine grain, and con- 
siderable exposure latitude. This general-purpose material is thus 
suitable for almost every application of aerial photography. It is especially 
useful when difficulties are encountered through reduction in contrast 
caused by haze, and it has excellent definition characteristics which are 
retained even at high densities. By the use of different developers, varia- 
tions in contrast can be effected as required for aerial scenes photographed 
from different altitudes, or under different haze conditions. 

This film has a specially hardened emulsion coated on a clear, anti- 
static, topographic safety base, with no anti-halation backing. 


Sensitization: Sensitive to ultra-violet and to the visible spectrum :— 


Pm iit iN 
(ee (ele re I 
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Sensitivity Curve to Mean Noon Sunlight 
The apparent rapid fall in sensitivity shown at the left-hand end of the 


curve is a characteristic of the apparatus employed and does not give a true 
indication of the ultra-violet sensitivity of the material. 


Meter settings: These figures are suitable for use with exposure meters and 
calculators scaled in B.S./ASA (arithmetical), B.S. (logarithmic), or DIN 
(logarithmic) speeds (see Data Sheets RF-1 and SE-1). 






B.S./ASA (arithmetical) B.S. (logarithmic) DIN (logarithmic) 


80 30° 20 





Resolving power: 50 lines per millimetre for test-object contrast of 1°5:1. 
In practice, with a camera in an aircraft and a normal type of mount, the 
resolving power obtained will usually be somewhat lower. 


Filters: Exposure factors given below show the relative exposure for the 
filters quoted, but they can be only an approximate guide to the actual 
increase in exposure, as they depend on the composition of the lighting. 
Further details of these and other filters can be found in the Data Sheets on 
specific filters and in the book “Kodak Wratten Filters”’. 
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Kodak ‘Wratten’ Filters 


Daylight factor....... 


Safelighting: Total darkness is recommended for complete freedom from 
safelight fog. However, if indirect safelighting is customarily used for 
general room illumination when handling this material, the light must not 
be allowed to fall directly upon it, and the ceiling or reflecting surface 
must be at least 7 feet from the bench top; the safelamp should be fitted 
with a ‘Wratten’ Series 3 (dark green) safelight filter and a 25-watt bulb. 
After development is half-completed, direct light from a safelamp, at a 
minimum distance of 4 feet, may be used for a few seconds. 


Development: The following times are for developing with continuous 
agitation. With less vigorous agitation longer times must be given. 
















Approx. Time at 





Purpose Developer Dilution Contrast 68°F (20°C) 
High contrast D-19b* 10 min 
Moderate contrast D-76* 124 min 


* Available as a ‘Kodak’ Packed Developer Powder. For formulae see Data Sheet FY-2. 


Time-temperature curves 
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Time of Development (minutes) 


15 24 


Temperature (°F) 
Temperature (°C) 


The developing times at various temperatures corresponding to 10 and 
124 minutes at 68°F (20°C) are shown. Corresponding curves for other 
developing times at 68°F (20°C) can be drawn parallel to those shown. 
Best results are obtained between 65° and 75°F (18° and 24°C), and 
development should not be undertaken at above 75°F (24°C) without 
special precautions (see Data Booklet GN-5). 


Fixing, washing, and drying: The film should be rinsed in water and fixed 
in a solution of ‘Kodak’ Acid Fixing Salt with Hardener or ‘Kodak’ Acid 
Fixer Powder for twice the time taken to clear (in all, about 10 minutes in 
a fresh bath). Alternatively, a solution made up according to Kodak 


FM-64 2 


formula F-5 (see Data Sheet FY-4) may be used for the same time when 
an acid hardening-fixing bath is required. 
Washing for 20 minutes in running water is sufficient for most purposes. 
The risk of drying marks may be obviated, and drying hastened, by 
rinsing for approximately 30 seconds in Kodak ‘Photo-Flo’ solution, at 
the dilution recommended. The negatives should then be dried in a dust- 
free atmosphere. 


Sizes available: The following sizes are available subject to conditions 
prevailing at time of ordering :— 


Duplex Paper 
Film Size Perforated Leader and On Spool* 
Trailer 


tS in. x 50ft No 5 x 23in 
Stin. x 8ft Yes 5; x 2gin 
Sgin. x 24ft No 55 x 2zin 
Stin. x 47ft 53 x 2gin 
Stin. x 112ft 53 x 4gin. 
Sin. Xx 155ft 9 x 4gin 
9in. x 300ft 9 x Sgin 
9tin. >< 165ft 95 < 4Bin 
(pin drive) 
9sin. < 165ft 9% x 4Zin. 
(tongue drive) 
9gin. x 165ft 9s x SiSin 
without 
t9din. x 200ft 4+ x 35%in 
9tin. x 250ft 4 x Stein 
9sin. xX 430ft + X Tzin. 
70mm x 100ft Both edges _ 
190mm x 60m No 190 x 135mm 





* All spool sizes, except 5 x 23 in., are according to British Standard 2940:1958. 
+ These film sizes are additional to those contained in British Standard 2696:1956. 
t l-inch internal-diameter metal core for Vinten cameras VRCH (Service reference F.95 Mk.2). 





The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor devia- 
tions may be found in individual cases owing to various causes. 
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‘KODAGRAPH’ CONTACT FILM (‘ESTAR’ BASE) 


General properties and uses: ‘Kodagraph’ Contact Film (‘Estar’ Base) 
is a high-contrast, blue-sensitive film intended for making contact posi- 
tives from intermediate negatives of documents or engineering drawings. 
It may also be used for making intermediate negatives from single-sided 
translucent originals by transmission contact printing. 

This film is coated on ‘Estar’ polyester support approximately 0:004 
inch thick, having an anti-halation backing which clears during develop- 
ment. ‘Estar’ base provides very high resistance to tearing, and a very 
high degree of dimensional stability for a flexible film base (see Data 
Sheet RF-10). An additional advantage is that this base absorbs less 
water than cellulose ester film bases during processing and, consequently, 
dries more rapidly. 


The film has a matt surface on both sides to facilitate corrections or 
additions in pencil, ink, or other media. It has wide exposure and 
development latitude, thus ensuring acceptable results under diverse 
conditions. 


Sensitization: Sensitive to ultra-violet and to blue light only. 


Speed and exposure: This film is intended for exposure in printers or 
contact frames using low-intensity light-sources, such as low-wattage 
tungsten bulbs or fluorescent tubes. For maximum sharpness, vacuum 
contact in the printer or printing frame is desirable. To increase the 
contrast when making negatives from blue-prints, a yellow filter, such as 
the ‘Kodak’ Flexible Filter $.58/2 (yellow), should be used between the 
light-source and the film. 

The effective speed of the material depends on the conditions of use, 
so that no speed figures of any practical value can be given. However, 
the following table may be used as a guide; it lists the approximate 
exposures required with various light intensities when using an inter- 
mediate negative on ‘Duostat’ 13 Reflex Paper. 





LIGHT INTENSITY IN PRINTER APPROXIMATE EXPOSURE TIME 
200 foot-candles 15 seconds 
100 foot-candles 30 seconds 
50 foot-candles 60 seconds 





When using a ‘Duostat’ Printer, Model 30/40, at the “high” setting, 
an exposure of 7 seconds should be approximately correct with a negative 
on ‘Duostat’ 13 Reflex Paper. 
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Safelighting: This film should be handled and processed by the direct 
or indirect light from a safelamp fitted with a ‘Wratten’ Series 00 (yellow) 
or Series OB (lime-yellow) safelight filter and a 25-watt bulb. For 
general room illumination, the use of a ‘Kodak’ Bromide or ‘Velox’ 
Sodium Safelamp is recommended. 


Development: A wide range of developers is suitable for use with this 
film, but those in the following table are recommended. 


Development should be undertaken preferably, with a solution tem- 


perature of 20°C (68°F); in any case it should be used between 18° and 
21°C (65° and 70°F). 


DISH DEVELOPMENT TIMES AT 20°C (68°F) 
WITH CONTINUOUS AGITATION 


Developer Dilution | Optimum Time | Permissible Range 
‘Photostat’ Universal* |+7 2 min 4-4 min 
‘Kodalith’ Super IA+1B 2 min 14-5 min 
DPc* hos 147 2 min $-4 min 
D-II+ Undiluted | min $-3 min 





* Available as a concentrated liquid only. For formula see Data Sheet FY-2. 
t Available as a ‘Kodak’ Packed Developer Powder. 


Stop bath: When development is complete, the film should be removed 
from the developer and immersed for about 15 seconds in a stop bath 
made up from ‘Kodak’ Liquid Stop Bath with Indicator, at a temperature 
of 18°-25°C (64°-77°F). Alternatively, the film may be rinsed in a stop 
bath made up according to Kodak formula SB-1la (see Data Sheet FY-4). 


Fixing, washing, and drying: The film should be fixed at a temperature 
of 18°-25°C (64°-77°F) for twice the time taken to clear. The following 
‘Kodak’ fixers are recommended—‘Photostat’ Universal Fixer, AM-33 
Rapid Liquid Fixer, with or without AM-33H Hardening Additive, 
‘Unifix’ Powder, or a solution made up according to Kodak formula F-5 
(see Data Sheet FY-4). 

The negative or positive should be washed in running water for 10 
minutes at 15°-25°C (59°-77°F) in an efficient washing vessel. This will 
be sufficient for most purposes, but, when permanence is a factor to be 
considered, the washing time should be doubled. At lower temperatures, 
or with less efficient washing equipment, the times may have to be 
increased considerably. When the reduction of washing time or the saving 
of water is important, ‘Kodak’ Hypo-Clearing Agent should be used. 


Before drying, all surface moisture should be removed with a soft 
viscose sponge or squeegee. The negative or positive should then be 
dried in a dust-free atmosphere. 
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Erasures and additions: Unwanted portions of the image can be erased 
by using ‘Statfile’ Bleacher Solution after washing; full instructions for 
its use are given on the package label. A thorough wash in running water 
is recommended after this treatment if the film is to be kept for any 
considerable length of time. 

Additions can be made at any time, on either side of the film, using 
pencil, ink, or any other suitable medium. Pencil or ink lines may be 
removed using a rubber eraser or a damp cloth; erasure does not affect 
the matt surfaces. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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‘KODAGRAPH’ PROJECTION FILM (‘ESTAR’ BASE) 


General properties and uses: ‘Kodagraph’ Projection Film (‘Estar’ Base) 
is a high-contrast, blue-sensitive film designed for making enlarged 
positives from microfilm and other intermediate negatives of documents 
or engineering drawings. It is also suitable for use in copying cameras 
for making negatives of line originals such as engineering drawings. 


This film is coated on ‘Estar’ polyester support approximately 0-004 
inch thick, having an anti-halation backing which clears during develop- 
ment. ‘Estar’ base provides a very high resistance to tearing, and a very 
high degree of dimensional stability for a flexible film base (see Data 
Sheet RF-10). An additional advantage is that this base absorbs less 
water than cellulose ester film bases during processing and, consequently, 
dries more rapidly. 

The film has a matt surface on both sides to facilitate corrections or 
additions in pencil, ink, or other media. It has wide exposure and 
development latitude, thus ensuring acceptable results under diverse 
conditions. 





Sensitization: Sensitive to ultra-violet and to blue light only. 


Speed and exposure: The effective speed of the material depends on the 
conditions of use, so that no speed figures of any practical value can be 
given. The following are examples of typical exposures under average 
working conditions. However, they should be used only as a guide for 
trial exposures; the actual exposure may vary considerably according to 
the working conditions. 

When making positives from microfilm negatives in an enlarger which, 
when set to the required magnification, gives an illumination of 3 foot- 
candles on the baseboard without a negative in place, the exposure time 
would be about 3 seconds. This exposure applies whether the enlarger 
uses a tungsten or a fluorescent light-source. 

When making negatives from original drawings using a copying camera, 
the following exposures are approximately correct with the camera set 
for same-size reproduction. The exposures given in the table should be 
doubled if the material is to be developed in ‘Kodalith’ Super Developer. 





ILLUMINATION ON COPYBOARD EXPOSURE AT f/32 
1100 foot-candles* 12 seconds 
800 foot-candlest 45 seconds 





* This level of illumination can be attained by the use of two 95-ampere arc lamps 4 feet from the centre 
of the copy and at 45° to the camera-subject axis. 

t This level of illumination can be attained by the use of two 1500-watt tungsten lamps 3 feet from the 
centre of the copy and at 45° to the camera-subject axis. Alternatively, two 35-ampere arc lamps 
may be used at the same angle and at 4 feet from the centre of the copy. 


Issue A Kodak Data Sheet 
FM-65A 


Safelighting: This film should be handled and processed by the direct 
or indirect light from a safelamp fitted with a ‘Wratten’ Series OB (lime- 
yellow) safelight filter and a 25-watt bulb. For general room illumi- 
nation, the use of a ‘Kodak’ Bromide Sodium Safelamp is recommended. 


Development: A wide range of developers is suitable for use with this 
film, but those in the following table are recommended. 

Development should be undertaken, preferably, with a solution tem- 
perature of 20°C (68°F); in any case it should be used between 18° and 
21°C (65° and 70°F). 


DISH DEVELOPMENT TIMES AT 20°C (68 F) 
WITH CONTINUOUS AGITATION 


Developer Dilution | Optimum Time | Permissible Range 





‘Photostat’ Universal* | min $-3 min 
“‘Kodalith’ Supert 23 min 12-4 min 
DPCc* | min $-3 min 
D-IIt | min #-3 min 
* Available as a concentrated liquid only. For formula see Data Sheet FY-4. 


t Available as a ‘Kodak’ Packed Developer Powder. 


Stop bath: When development is complete, the film should be removed 
from the developer and immersed for about 15 seconds in a stop bath 
made up from ‘Kodak’ Liquid Stop Bath with Indicator, at a temperature 
of 18°-25°C (64°-77°F). Alternatively, the film may be rinsed in a stop 
bath made up according to Kodak formula SB-1la (see Data Sheet FY-4). 


Fixing, washing, and drying: The film should be fixed at a temperature 
of 18°-25°C (64°-77°F) for twice the time taken to clear. The following 
‘Kodak’ fixers are recommended—‘Photostat’ Universal Fixer, AM-33 
Rapid Liquid Fixer, with or without AM-33H Hardening Additive, 
‘Unifix’ Powder, or a solution made up according to Kodak formula F-5 
(see Data Sheet FY-4). 

The negative or positive should be washed in running water for 10 
minutes at 15°-25°C (59°-77°F) in an efficient washing vessel. This will 
be sufficient for most purposes, but, when permanence is a factor to be 
considered, the washing time should be doubled. At lower temperatures, 
or with less efficient washing equipment, the times may have to be in- 
creased considerably. When the reduction of washing time or the saving 
of water is important, ‘Kodak’ Hypo-Clearing Agent should be used. 


Before drying, all surface moisture should be removed with a soft 
viscose sponge or squeegee. The negative or positive should then be 
dried in a dust-free atmosphere. 
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Erasures and additions: Unwanted portions of the image can be erased 
by using ‘Statfile’ Bleacher Solution after washing; full instructions for 
its use are given on the package label. A thorough wash in running 
water is recommended after this treatment if the film is to be kept for 
any considerable length of time. 


Additions can be made at any time, on either side of the film, using 
pencil, ink, or any other suitable medium. Pencil or ink lines may be 
removed using a rubber eraser or a damp cloth; erasure does not affect 
the matt surfaces. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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KODAGRAPH ‘AUTOPOSITIVE’ FILM 
ESTAR’ BASE) 





General properties and uses: Kodagraph ‘Autopositive’ Film (‘Estar’ 
Base) has a high-contrast, contact-speed emulsion intended for making 
direct-positive reproductions from engineering drawings, maps, and 
other originals. 


This film is coated on ‘Estar’ polyester support approximately 0-004 
inch thick, having an anti-halation backing which clears during develop- 
ment. ‘Estar’ base provides a very high resistance to tearing, and a very 
high degree of dimensional stability for a flexible film base (see Data 
Sheet RF-10). An additional advantage is that this base absorbs less 
water than cellulose ester film bases during processing and, consequently, 
dries more rapidly. 


The film has a matt surface on both sides to facilitate corrections or 
additions in pencil, ink, or other media. 


Speed and exposure: This film is intended for exposure to a strong 
yellow light by reflex or transmission contact printing. A yellow filter, 
such as the ‘Kodak’ Flexible Filter $.58/2 (yellow) should be used between 
the film and the light-source, which may be a carbon-arc lamp or a high- 
intensity mercury-vapour lamp. When exposures are made by the reflex 
method, the best results will be obtained when using ‘Kodalith’ Super 
Developer. 


The effective speed of the material depends on the conditions of use, 
so that no speed figures of any practical value can be given. The fol- 
lowing is an example of a typical exposure under average working 
conditions. However, it should be used only as a guide for trial exposures ; 
the actual exposure may vary considerably according to the working 
conditions. 


When making positives from a pencil original by the reflex method 
using a ‘Duostat’ Printer, Model 30/40, at the “‘high” setting, an exposure 
of 75 seconds should be approximately correct. 


Handling illumination: This film can be handled safely in ordinary room 
lighting. It can be handled for up to 8 minutes under tungsten light, 
or for up to 4 minutes under daylight-fluorescent lighting, provided that 
the level of illumination at the working surface does not exceed 10-foot 
candles. At higher levels of illumination, proportionately shorter times 
should be used. With tungsten light, the safe-exposure time may be 
apportioned before and after exposure in any desired manner; however, 
with daylight-fluorescent lighting, further exposure to room lighting 
should be kept to a minimum once the photographic exposure has been 
made. 
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Development: A wide range of developers is suitable for use with this 
film, but those in the following table are recommended. 
Development should be undertaken, preferably, with a solution tem- 


perature of 20°C (68°F); in any case it should be used between 18° and 
21°C (65° and 70°F). 


DISH DEVELOPMENT TIMES AT 20°C (68°F) 
WITH CONTINUOUS AGITATION 


Developer Dilution | Optimum Time | Permissible Range 
‘Photostat’ Universal* . 147 I$ min 1-3 min 
‘Kodalith’ Superf .. IA+1B 23 min 3-34 min 
DPG* iar BS oe +7 I$ min 1-3 > min 





* Available as a concentrated liquid only. 
t Available as a ‘Kodak’ Packed Developer Powder. 


Stop bath: When development is complete, the film should be removed 
from the developer and immersed for about 15 seconds in a stop bath 
made up from ‘Kodak’ Liquid Stop Bath with Indicator, at a temperature 
of 18°-25°C (64°-77°F). Alternatively, the film may be rinsed in a stop 
bath made up according to Kodak formula SB-1la (see Data Sheet FY-4). 


Fixing, washing, and drying: The film should be fixed at a temperature 
of 18°-25°C (64°-77°F) for twice the time taken to clear. The following 
‘Kodak’ fixers are recommended—‘Photostat’ Universal Fixer, AM-33 
Rapid Liquid Fixer, with or without AM-33H Hardening Additive, 
‘Unifix’ Powder, or a solution made up according to Kodak formula F-5 
(see Data Sheet FY-4). 


The negative or positive should be washed in running water for 10 
minutes at 15°-25°C (59°-77°F) in an efficient washing vessel. This will 
be sufficient for most purposes, but, when permanence is a factor to be 
considered, the washing time should be doubled. At lower temperatures, 
or with less efficient washing equipment, the times may have to be 
increased considerably. When the reduction of washing time or the 
saving of water is important, ‘Kodak’ Hypo-Clearing Agent should be 
used. 

Before drying, all surface moisture should be removed with a soft 
viscose sponge or squeegee. The negative or positive should then be 
dried in a dust-free atmosphere. 
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Erasures and additions: Unwanted portions of the image can be erased 
by using ‘Statfile’ Bleacher Solution after washing; full instructions for 
its use are given on the package label. A thorough wash in running water 
is recommended after this treatment if the film is to be kept for any 
considerable length of time. 

Additions can be made at any time, on either side of the film, using 
pencil, ink, or any other suitable medium. Pencil or ink lines may be 
removed using a rubber eraser or a damp cloth; erasure does not affect 
the matt surfaces. 


The characteristics of the film given in this Data Sheet are intended 
only as a guide to the choice of a suitable material for a specific purpose. 
The data should not be assumed to be strictly quantitative: minor 
deviations may be found in individual cases owing to various causes. 
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The following product names appearing 
in this Data Sheet are trade marks 


KODAK 
KODAGRAPH 
KODALITH 
AUTOPOSITIVE 
ESTAR 
DUOSTAT 
PHOTOSTAT 
STATFILE 


Kodak Data Sheet KODAK LIMITED LONDON 
FM-65B 
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